CS (AR) 146

REPRESENTATIVE BASIN STUDIES IN SUDDAGEDDA BASIN
NETWORK DESIGN AND INSTALLATION OF EQUIPMENT

NATIONAL INSTITUTE OF HYDROLOGY
JAL VIGYAN BHAWAN
ROORKEE - 247 667 (U.P.)
INDIA

1993-94



PREFACE

With growing demand on revealing all available water
resources to meet the requirement of increasing population a new
concepl of representative basin studies is in lead all over the
world. These represenlative basins are used for 1intensive
investigations of hydrological cycle under relatively stable
natural conditions. Here comes the importance of observations of
input parameters. A systematic network of measuring all the
inputs 1s highly recommended to arrive al the acceptable output
from the system. To carry oul these studies collaborative efforts
of ail concerned organizations is the need of time.

The Deltaic Regional Centre of National Institute of
Hydrology established at Kakinada, A.P., as part of 1its work
programme taken up a representative basin study with the State
Groundwater Deparlment, as a collaborative work. The aim of the
Collaborative effort is to undertake watei balance studles 1n the
representative basin. Suddagedda basin 1n £ast Godavari Olstrict
of Andhra Pradesh is identified as the representative basin of the
Easl Coastal rivers.

The Groundwater Department of Andhra Pradesh, on their part
prepared a status report on the data avallability of L
Suddagedda basin. This report presents the 1importance of
representative basins in conducting hydrolegical studies, describe
the proposed network design, the procedure for installatior of
equipment,the methods of observations and the recording of
different hydroclogical parameters.

This study conducted by the DRC of NIH, Kakinada is carrlisd
out by Shri S.V.vijayakumar, Sc ’B’ and Shri T.Vijay, Sr.R.A.
under the guidance of Shri K.S.Rama Sastri, Sc ’F’
Or.P.V.Seethapathl, Sc "F’, supervised the above study as Head and

Co-ordinator of the DORC.

(S.M.SETH) "
DIRECTOR
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ABSTR‘.F\CT

A collaborative project between- Groundwater Department of
andhra Pradesh and Delitaic Regional Centre of National 1Institute
of Hydrology. is taken up to study the Groundwater balance of a
representative basin. The State groundwater department prepared a
status report on the availability of data in the Suddagedda basin
which is identified as a representative basin of the East Coasta:
river basins. The telLal catchment area of the basin 1s 658 Sg.Km
and is bounded on the North by Pampa and in the South by Yeleru
river. This report presents the 1importance of representative
basins in undertaking wvarious bydrological studies, while

describing the network design for the Suddagedda basin.

At present there are two raingauge stations existing at
Prathipadu and Gollaprolu in the Suddagedda basin. A network of
three raingauge stations at Sri  Santhi  Ashram (Sarabhavaram),
Ommangli and Subbareddy sagar and a meteorological observatory at
Kathipudi are proposea i1t is also proposed to establish a gauge
discharge site at road bridge near Gollaprolu. The existing
groundwater observation well network of two observatary welis at
Gollaprolu and Prathipadu, under the control of State Groundwater
Department is sufficient for conducting the water balance studies.
Evaporation data is to be observed at the Kathipudi observatory

and the Subbareddy Sagar reservoir.

Also presented in the report is a detailed resume on
installation of wvarious meteorological equipment and the
systematic method of observation and recording different

hydrological parameters.
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1.0 INTRODUCT LON

The understanding of the sources of water at or under Lhe
wsarth”s surfacé and its conseguence movement back to principal
storage 1n the oceans through various pathways is very important
for a Engineering hydrologist. The basis for this is the concept
of hydrclogical cycle. Two of the greatest problems for the
hydrologist are quantifying the amount of water in different
phases in the cycle and evaluating the rate of transfer of water
from one phase to another. Here comes Lhe importance of
measuremant of these components. This job has not been subjected
to co-ordinated planning until recent times.

Authorities put coordinated efforts only during catastrophles
i.e. during heavy floods or severe drought. The installation of
gauges for rainfall or streamf%ow has been direcited to asses flows
for single, simple and immediate purpose. Nowadays with tremandous
increase in population and greater demand of water Lschemes for
measuring hydrological variables are considered essential for the
development and management of water resources at national level.

As part of a collaborative project belwsen Andhra Pradesh
State Groundwater Dept and Deltaic Regional Centre of NIH, it is
-decided to conduct water balance studies in Suddagedda basin lying
. on the East coast, as part of representative basin studies. In
this direction a report on the 'Data availability and status of
network’ is prepared by A.P.Stale Groundwater Dept. Now, as part
of NIH's responsibility a report on " Network design and
installation of equipment 'to augment the existing network is
preparad.

Suddagedda basin isklying on the Eastcoast of India and . is
representative of the East flowing rivers lying between Godavari
and Mahanadi and originating in Eastern Ghats of India. This

report presents the alm of representative basins, briaf



description of the Suddagedda representative basin, review and
design of hydrological network for the basin and a note on
installation of meteorological eguipment and taking observations

of different parameters in detail.



2.0 Representative Basin Studies @

As defined by Toebes and Ouryvasu (1970) representative
pasins are basins which are selected as representative of a
hydrological region i1i.e., a region within which hydrological
similarity is presumed, They are used for intensive investlgations
of gpecific problems of the hydrological cycle (or part there of)
under relatively stable natural conditions. Thus a sparse network
of representative basins may reflect general hydrological features

of a given region and their variatlions over large natural zones.

With the growing demand on revealing all available water
resources and analysis of hydrological conditions in a
comprehensive way, a landmark appears 1n the sclence of hydrology,
that 1s the contents and interrelation of hydrological activities

undergo a radical changse. A new means of research is being

astablished in a growing number and within the scope of
comprehensive I1nvestigations extending to large regions the
network of representative areas 1is formed (Szesztay, 1965). Thus,

tha aim of hydrological research is not only the collection of
data, but rather than an interpretation of these data for use in

solution of various management problems such as :

¥ Floovd forecasting and management of floods;

¥ pradiction and estimation of groundwater;

# prediction and estimation of surface water;

* ynderstanding the system of hydrological cycle and the
water balance nature under different regions;

* how does thé variability of topography, soil, vegetation,
geology and climate etc. influence the hydrological cycle within
diffaerent region 7 and

* how a small change within a system can eftect the entire

hydrological system of a region? etc.
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The newly emerged concept of representative basin study is
being widely recognised to solve various management problems
because :

* principal objectives of hydrological research in
reproesentative basin are the praediction and quantitative
estimation of various components of the hydrologicai cycle;

*representative basin studies are used for detailed studiss
of the hydrological c¢ycle and provide an insight into the
characteristics of the area which they represent

* a representative basin Lakes the more specific role of
representing a broad area to which the data can be transformed;

* it is the representative basin study by which a holistic
model of hydrological system could be developed which defines that
how a small change in one hydrological parameter can effect the
other parameters of the system individually and the entire
hydrological system as a whole ;

* a holistic model defived from a representative basin study
helps in the prediction of various hydrological parameters such as
overland flow, sub-surface flow, channel run-off, evaporation,
infiltration, groundwater storage, flooding, sheetwash erosion,
channel erosion and sedimentation etc,

* praediction of estimation of various hydrqlogical parameters
based on a representative studies help planners, decision makers,
farmers and engineers to formulate their plans and to executs
their plans for different purposes:

¥ last but not least Lhe representative basin study is the
most useful in reducing time and effort required For studies of
large areas, and it permits the formulation of rapid
approximations and because time is saved it enables more detailed
observation to be made and a greater number of variable to be

considared.



2.1 Perception of Basin System:

For conducting represantative basin studies the basic
perceplLion of the drainage basin system is necessary. A basin 1s
an open system. Closed systems are those which possess clearly
defined boundaries, across which no import or export of materials
or energy takes place. The open system requires a cantinuing
ansrgy supply and removal of energy. Therefore, a basin can be
envisaged as recelving energy or inputs trom the climate and its
losing energy through the water and sediment lost to tha basin,
largely through the basin mouth. The advantage of the open system
approach arise from the facts that it places emphasis upon
adjustment and upon relationship between basin characteristics
{(morphology, geolegy, soil, vegstation etc.) and hydrological
parameters, upon the multivariate character of the many
hydrological phanomena, and upon the total hydrologicail
environment. A basin has energy inputs provided by climate, it has
different hydrological responses {or outputs) depending upon the
characteristics of the basin (Fig. 1). Thus, the representative
basin study could be systematically divided into three different

components. These are (Table-1) :

* gbservations of basin inpubt parameters;
* observations of basin ocutput parameters;

* study of basin characteristics
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Table 1: Synoptic outline of representative basin study

Basin characteristics Basin responses or

putputs

Basin energy
input parametars

1. Precipitation
2. Tempaerature

3.Humidity etc

1.Rock types

2. Structure

vegetation
2.Types

3. Density
Geomorphology

4. Morphometry
5.Morphology

6 Types

l.water discharge
2.5edimant and

mineral discharge

From basin surface

3.interception loss

4 _Evapotranspiration

5. Infiltration

6.5011 moisture
storage

7. Overland flow
8.subsurface flow
9. Groundwater
10.Erosion and

sadimentation

B. fForest
9. Agriculture
10. Barren stc.

2.2 Observations of Basin Imnput Parameters:

In view of the representative basin studies, precipitation is

one of the most important basin energy inputs. Following
observations are sssentially related to the precipitation in the

representative basin.

Petermination of precipitation gauge network required for the
basin
Determination of the type of precipitation , i.e. hail, snow,

rainfall, dew etc.



Determination of the amount of precipitation by continuous
recording

Determination of spatial variability in precipitation
Datermination of temporal variability in precipitation
Determination of intensity-duration relations

Detaermination of mean basin precipitation for periods of less

than one day.

2.3 Observations of Basin Responses (or Outputs):

As soon as the basin receives energy in the form of
precipitation, it is regularised through varipous pathways of the
hydrological system within the basin and results in number of
hydrological responses. Some of the important hydrological
responses in view of the representative basin studies are listed
in Table 1 which reveals that these responses are diviﬁibie into

two main groups {(Fig.1).

Hydrological responses from basin mouth

Hydrological responses from basin surface

Thus to define the hydrological response systems of a
represaentative basin, observations of the following parameters are
necessary.

Interception

Evapotranspiration

Infiltration

Overland flow

Sub surfa?e flow

Soil moisture storage

Groundwater storage

Channel runoff

Erosion

Sedimentation



However, the number of the parameters for observations may
increase as per need of the representative basin or purpose of the
study. For example, in the high mountainous terrain observation of
snownelt becomes necessary. Detalls of observations of these
parameters are described by Toebes and Ouryvoev (1970) and are

also discussed 1n sections that follow,

2.4 Mapping of Basin characteristics :

The regularisation of the energy input (precipitation) within
the basin largely depends upon the characteristics of the basins.
Under identical precipitation, the flow system within the basin
may vary from one area to another having differant geolugical,
vegetational, pedological and landuse pattern. Hence, it is
necessary to dafine the basin characteristics by preparing the
topographic map, morphometric map, gevlogical map , soil map,

hydrological map , landuse map, etc.



3.0 DESCRIPTION OF THE BASIN

Suddagedda is a bLyplcal East flowling river and representative
of the EasbL flowing rivers that are lying between rivers Godavari
and Mahanadi and having their origins in Eastern Ghats and Jolning
Bay of Bengal without forming any deltas. The Suddagedda basin
lies betwsen North latitudes 17°09710" and 17°30° 45" and East
longi tudes 82008’ 30" and 82 019’15" occupying an area of 658.3
sg.km. Survey of India toposheets 695 K3, K4, K7, KB and K12
describe the topography of the basin. The study area 1s demarkated
by the 700m and 20 m contours, sloping towards Scuth-Southeast.
fastern ghats are lylng on tihe northern side of the basin 1in  the
form of a series of hill ranges that trend from northeast to

southwest. The location map of the basin is shown 1In Fig. 2.

3.1 Drainage :

The stream rises Iin Vetangl reserved forest area in
Rajavommangl mandal of East Godavari District in andhra Pradesh at
an elevation of about 700m and flows southward as ‘Kuntidevi
Vagu'. It is joined by many rivulets on its way and is called
‘Yeti Kaluva' near Gokavaram viilage whers a resarvoir called
Subbareddy Sagar 1s formed. further travelling southwards it is
Juined on its left bank by Konda Kaluva near a village Tatiparthi
and is called ‘Suddagedda River’. At Gollaprolu its catchment area
is 526 sqg.km. The drainage pattern in the basin is dendritic to
sub dendritic. The basin has a drainage density of 1.1i3 km/sqg.km
(Fig. 3).

3.2 Hydrogeology:

A major portion of the Suddagedda basin is underlain by
Khondalites, granites and charnockites. The central and westarn
parts of the basin is underlain by alluvium. The southern part of
the basin is underlain by Khondalite suite of rocks, basaltic

formation and Tirupati sandstones..
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Groundwater 1n the crystalline rock 1is restricted to
weathered and fractured zones and is being exploited mostly by dug
wells, dug-cum-borewells and bore wells at places. Depth of the
dug wells ranges between 8m and 12m with an average yield of
30,000 lpd. to 50,000 lpd. Filter point wells/shaliow tube wells
in the central and western part of the basin are constructed down
to 30m to SOm. These wells yielding about 15,000 1lph to 30,000
lph. Groundwater is exploited in Tirupati sandstone formation by
means of tube wells. The depth of tube wells is in the range of
80m to 180 m.yielding between 30,000 1lph to 50,000 1ph (GWD,
1993). For the proposed water balance studies to be taken up along
with State Ground Water Dept. of Andhra Pradesh a catchment area
of 526 sq.km upto Rly. culvert near Gollaprolu Railway station is

considered as study area.

3.3 lLand Use :

The predominant soils in the basin are black c¢lay, red and
light brown sandy soils. Towards the northern part of the basin,
red soils are predominant in the hilly tracts and valley portions
while in the middle part of the basin light brown soils and
towards the southern part black soils are predominant., The main
crops are paddy, banana, sugarcane, chillies and cotton. The total
area irrigated under surface water sources is 6981 hectares, out
of which an sxtent of 1758 hectares is under Subbareddysagar and

5223 hectares is under Minor Irrigation tanks (GWD, 1993).

3.4 Climate :

The basin area enjéys tropical climate with hot summers and
cold winters., The basin receives about 80% of the annual rainfall
during the monsoon season of June Lo November. The region

exporiences four distinct seasons of climate wviz. winter season

13



{(December to February), hot weather or summer sesason (March to
May) southwest monsoon season (June to September) and post monsoon
season (October and November). May is the hottest month with
maximum daily temperatures touching 400 C. Decembar 1s coldest
month with minimum temperature falling to 1500. The monthly pan
evaporation values in mm in the region from January to Pecember
are 120.4, 111.0, 124.5, 124.2, 144 .0, 151.6, 112.5, 88.1, 88.9,
128.3, 153.2, and 128.5 as specified in the Master Plan Report bf

the Yeleru River, which is neighbouring this basin.

14
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4.0 Network Design :

| The understanding of the sources of water at or under Lhe

s@arth’s surface and ils consequence movement back to principal
storage in the vceans through various pathways is very important
for a Engineering hydrologist. The basis for this is the concept
of hydrological cycle. Two of the greatest problems for tithe
hydrologist are quantifying the amount of water in different
phases in the cycle and evaluating the rate of fransfer of water
from one phase Lo ancother. Here comes Lhs importance of
measurement of these components. This job has not besn  subjected

to co-ordinated planning until recent times.

Rainfall, streamflow or groundwater have been measured for
many years by seperate official bodies, private organisations or
even individual amatuers. There has been very 1little logical
design in Lhe pattern of measurement (Shaw ,1983). Authorities
put coordinated sfforts only during catastrophies i.e. during
heavy floods or severe drought. The installation of gauges for
rainfall or streamflow has been directed Lo asses Tflows for
single, simple and immediate purpose. Nowadays with tremendous
increase in population and greater demand of water schemes for
measuring hydrological variables are considered essential for the
development and management of water resources at national level.
The improvemant iIn communlication system Lo serve modern needs has
made this Job qulte practical. Cost-benefit assessments are also
being made on the eaffectliveness of data gathering and hence
secientific planning 1s belng recommendad Lo ensure op bt imum

networks Lo provide the reduired information (WMO, 1972).
According to Langbelin (1965) a network 1s a organised system
for the collection of information of a specific kind that 1is,

gach station, point or region of observation must fill one or more

15



4

definite niches in either space or time’ . In a more sinple way'
Kohler (1958) infers that a hydrological network 1s  one  that
provides data commonly used by hydrologist. The following sections
will present a review on the network design of hydrological

aspechts,

4.1 Rainguage Network:

Design of npetwork for raingauge stations is of maJjor
importance to the hydrologist since 1t 1s to provide a measure of
the input to the river catchment. The rainfall input is
irregularly distributed both over the catchment area and in  time.
Another consideration in precipitation network design must  be

rainfall type.

wWorld Meteorological Organization (WMO, 196%9) has recommended
the minimum precipitation network dansities for general
hydrometeorological purpose as follows:

1. One statlion per 600-900 sqg.km of area in flat reglons of
temparate mediterransan and tropical zones

Z. One station per 100-250 sq.km of area 1in mountainous
ragion of temperate, mediterranean and tropical zones

3. One station per 25 sq.km of area in small "mountainous
islands (<20,000 sq.km).

4. One statlon per 1500 to 10000 sq.km of area 1in arid and

polar zones.

If the objective is to estimate streamflow (hydrograph,
volume, peak eﬁb) then the precipitation network density might be
differant (Johanson, 1971). Simple guidelines for specific
hydrologic purposes have not yet been developed according to Singh
(1992). As per the IS5]1 4987-1988 Standards prescribed in India one

station per 518 sg.km is recommended. However, if the  “chment

16




liss in the path of the low pressure systems, which causes
precipitation in the area during their movemant their network
should be denser particularly in the upstream of tLhe catchment. In
not too elevated regions with an  average slevation of one
kilometer (1000 mts) above msl the network density shall be one
raingauge in 200 sg.km. to 390 sg.km. If the catchment is
predominaently hilly the density should be one raingauge per every
130 sq.km. Also, ISI recommends that at least 10% of the rainguage

station should be eguipped with self recording ralngauges.

Interesting and valuable studies using vaery dense raingaugs
networks have been conducted to determine the standard error  of
average precipitation estimates over various size drainage areas
with ;aricus raingauge network densities. Linsley et al{1947) had
presented a U.S.Weather Bureau graph which suggested that the
standard error of estimate of storm rainfall over Muskingum basin
in Chicago, U.S.A (CA = 8000 sg.mlles) was aboul & percent for a
dansity of one raingauge per 100 sg.miles (About 2590 ka) and
about 14 % for a density of one gauge per 300 sqg.miles (about 1250
kmz).

Some of the warliest efforts in the area of data network
design ware reported by Langbein (1960) essentially consisting of
guldelines to estimate the optimum number of base stations and
operational time frames for secondary stations relative to
precipltatlion data acquisition 1n a region, The criteria was to
maximize the number of gauged stream years in a hydrologic basin.
Langebin further detailed a number of correlation techniques and
their utilization for extrapolation of streamflow data.

Huff and Neill (1957) carried out a study of aarial
variability of rainfall in a region characterizad by thunderstorm

activity in Illinols State, USA.

17



Rainbird {1965) had dilscussed the problem of network desiga
of precipitation stations and suggested an overview of the problem
by assessing Lhe accuracy of data required, Lhe relative
importance of precipitation data for the project and the time
intervals for which such records need be maintained for a given
raglion.

Hershfileld {(1965) analyzed rainfall data for 15 storms for
each of 15 water sheds with a total of 400 ralngauges and found
that plots of correlation around key gauges showed evidence of
anisotropy.

Caffey (196%) analysed the spatial correlation structure of
annual rainfall from 1141 stations from Lthe Western U.S and
sputh-western Canada with an average length of record of 54 vears.

The work of Guscina et al (1967) exemplifies some of earliest
applications of spatial correlation analysis of rainfall; they
presented plots of correlations as a function of distance from a
central station for 12 hour, 24 hour, 10 day, monthly and seasonal
rainfall for locations in the valdal area of Russia; the rate of
decay was observed to increase with decreasing duration and was

assumed Lo conform Lo

p{d) = p (0) exp (-bd)

-1 ) . . .
where b = do is defined as the correlation radius or  the
distance at which the correlation decays by a factor of e . and
£{0) is the value of the correlation fumction when extrapolated to

Zero distance;

The technigue of harmonic aralysis and the concepts of
distributed linear systems had been applied by Eagleson (1967) Lo
the problem of optimum density of rainfall networks for flood

forecasting purposes. Specifications of network density for the

18



siudy of long Lerm catchment average rainfall was accomplished by
considering the long term point rainfall as a homogeneous random
variable Lo be sampled spatially. The author concluded that the
incorporation of catchment dynamics into the design of flood
forscasting networks reduces the number of gauges needed when
comparad with those obtained by mere consideration of
precipitation variability.

Huff and Shipp (1969) carried out an extensive spatial
analysis of rainfall from three dense raingauge networks 1n
Illinois: data ranging from one wminute rates to total storm,
monthly and seasonal amounts were analysed. The effects of railn
type, synoptic storm  typs  and other factors on spatial
correlations were studied. Hutchinson {1969) analysed monthly and
annual rainfall data from two areas in New IZealand, one rélatively
flat and the other with variable topugraphy. Plots of correlation
around key gauges showed distinct anisotropy for both areas as
well as dependence of the rate of decay on Lopography.

Hendrick and Comer (1970) analysed the spatial structure of
daily rainfall data from Lhe Sleepers River Watershed in Northern
varmont. Data Tor days on which the rainfall at one or more gauges
was Z 0.10, Z0.50, Z1.0 inches were selected for a winter season
and a summar season,

The I81 standard and India Meteorological Dept (1972) had
recommended a simple formula based on Rycroft (1949) details of

which are given below :

Optimum Number of Raingaugas:

Statistical methods are used 1in determining the optimum
number of rain gauges required to be installed in a given
catchment. The basis for this 1s that a certain number of
raingauges are necessary to give mean rainfall over the basin with
a certain percentage of error. The optimum number of rainguages

corresponding to an assigned percentage of error in astimation of

19



mean areal rainfall can be obtained as

C 2

where Cv 1s the coefficient of wvariation of the rainfall
values of the gauges and £ is the assigned percentage of error 1in
estimation of average areal rainfail. If there are m raingauges in
the catchment recording P11, P2, .... Pm values of rainfall for a

fixed time interval, then

Usually the values of £ is taken as 10 % (Singh,1992).

Stol (1972) analysed daily rainfall data from 3 groups of
stations aligned along different directions for an area in the
Netherlands with no relief. Data for days with rainfall > O.5mm.

at all sites ware analysed on a month by month basis; no evidence

of anisotropy was found. The function

p(d) = p(0) exp (-bd)

was fitted foir each month, apparently by least squares regression.

20



Sharon (1974) discussed soms of the limitations of
correlation analysis as a basis for network design, particularly
in relation to localized storm rainfall.

0'Connell et al (1977) analysed an extensive volume of daily,
monthly and annual rainfall data for two ragions, one in the east
and one in the north of England. Data for a number of categories
of daily rainfall were analysed; days on which daily rainfall at a
selected number of gauges within each region exceeded 2mm, 5Smm and
10mm  represented three categories, while a fourth category
consisted of data for every 20 th day. Plots of the correlation
fields around a number of key stations showed evidence of
anisotropy, and an increase in the rate of decay with decreasing
threshold; the data for every 20 th day showsd the most rapid rate

of decrease.

Jones et al (1979) used the optimal estimation procedure for
preparation @f maps of root mean square error of point
interpolation for suggesting procedurses for datermining the
accuracy of estimation of aerial rainfall for any shape of area
and any configuration of gauges.

Based on optimal estimation procedures, 0’Connell et al
(1979) had assessed the accuracy requirements for point and asrial
rainfall estimates using the data from existing network in the
Wessex Water Authority of Southwest England. Root mean square
errors of interpolation were calculated using the estimates of
spatial auto-correlation of daily and monthly rainfall. Mooley .and
Mohammed. Ismail (1981)‘QEtermined the network for estimation of
aerlal rainfall. They used the method of optimum estimation to
determine the network density required for various limits of
tolerable error in the aerial estimates of monthly, sesasonal and

anmual rainfall for different size areas in Vidarbha.
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Sreadharan and James (1983) wused the spatial correlation
technigue proposed by Kagan for design of raingauge network in the
Chaliyar basin in Kerala. Using monthly data of 31 raingauge
stations for seven years, the number of raingauge stations
required for estimating the aerial rainfall with a given accuracy

were derived by stipulating two criteria.

(i) the accuracy with which the average rainfall may be obtained
povar a given area and

{ii) the accuracy of spatial interpolation

Bastin et al. {1984) used a similar approach of optimal
astimation for real time estimation of the aerial average
rainfall. For this purpose, the rainfall has been modelled as a
two dimensiconal random variable. The variance was minimized by
using the Kriging technique. 1t was shown that the method could be
used for the optimal selection of the raingauge locations in a
basin.

Mehra (1986) had also used the Kagan’s technique for
determining the raingauge network using the accuracy criteria as

above.
4.2 Evaporation Network:

Evaporation and transpiration over an area are relatively
conservative guantities in the hydrological cycle. Hence fewsr
gauging stations are required to measure areal avapuaration than
for areal rainfall. Since evaporation and transpiration are
dependent on altitude a network of measuring stations should
sample different elevabtion zones in larger calchments. A reliable
single station would provide adequate information over a flat

plain (Shaw, 1983).
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4.3 Streamgauging Network:

Establishment of a stream gauging site 1s the most costly
item in a hydrometric scheme. The density of the gauging stations
dspenés on the nature of the terrain. The mode of stream gauging
depends upon the purpose of the study to be undertaken. The
ultimate design and establishment of siream gauging network
depends on the data requirement. hydrologic characteristics of the
area and achievement of an acceptable cost penefit ratio for the

scheme.

4.4 Ground water Network:

Ground water investigation should be aimed to identify
productive aquifers, to determine their hydraulic properties and
to make arrangements for monitoring water levels within the
agquifers. whiie selecting location of observation wells one should
take into account differences in aquifer characteristics within an
aquifer in addition to variations between aguifers. In planning a
network of observation wells, the sites of existing wells must be
noted as these may have reliable consistant water level records
which give the long term fluctuation of the water table

(Shaw.1983).
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5.0 Network for Suddagedda Basin:

Suddagedda basin 1s typical east coastal river basin.
Northern most part of the basin 1s located in Eastern Ghats
ranging to a height of less than 1000m and is covered mostly by
deciduous forests. Communication and Lransportation 1s a big
problem in this area and human settlements are scarcely present.
Southern part of the basin is rather plain and is knitted with
villages and small towns. National Highway (NH5) passes through
the basin from East to West for about 15 kms in the southern part
connacting Kathipudi and Prathipadu. Railway line connecting
Howrah and Madras passes through the southern most part of the
basin. There are good number of tanks (small surface resarvoir) in
the basin under the control of Minor Irrigation Department of
Govi. of Andhra Pradesh. Subbareddy Sagar project i3 a minor
irrigation project with wier type structure across the stream 1in
the upper reaches of the basin with a catchment area of 104 sq.km.
whare Estern Ghats slopes meet the plains near village called

Gokavaram in Prattipadu mandal.

5.1 Existing Network :

The exisiting network of raingauge station are shown in
fig.4. There are three non-recording raingauge stations under the
Revenua authorities at Prathipadu, Gollaprolu and Pithapuram. COut
of these Pithapuram lies just outside the basin. Existing ground
water observation wells are shown 1n Fig.5. Thess wells at
Prathipadu and Gollaprolu are under the close monitoring of State
Groundwater Dept. There are no stream gauging sites for the
regular maasuréﬁent of flow on the stream. There 1s a culvert on
the Railway line to the north of Gollaprolu Railway Station
(Culvart No. 455) on the SCR, where water levels of peak floods

are being observed.
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5.2 Proposed Network:
It is proposed to tave one Meteorological Observatory at
Kathipudli consisting of the following equipment.

- Non recording ralngauge | A '
g 8 , to measure rainfall

- Recoridng rainguage H

- Steavanson’s Screen -- to protect the thermometers from

direct heat and wind

- Maximum and Minimum Thermometer set-- to measure temp.

- Dry bulb -Wet bulb Thermometer set -- to measure relative
humidity

- Anemometer & wind vane -- to measure wind speed and

direction

- Pan evaporimeter -= to measure evaporation

Also it is proposed that Ommangi, sSri Shanti Ashram
(Sarabhavaram) and Subba Reddy Sagar. (near Gokavaram village of
Prathipadu mandal) be provided with raingauges of both recording
and non recording type. The proposed network of raingauge stations
are presented in Fig. 6.

Stream gauging site is proposed at a road culvert near
Gollaprolu on the State highway connecting Kakinada and Kathipudi.
Discharge measurement may be made through float technique and
stream gauging may be done through the scale painted on the
abutments of the culvert. Current meter technique may also be
followed for fiou measurement.

Total number of raingauges in the basin will become Six with
the proposed sites atr these places. This will satisfy the
requirement of 5 stations found as the optimum number of stations
through statistical method, calculations of which are presented

below. Statistical analysis for the annual rainfall of 1990 at
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three existing rain gauge sites is presented at annex. I. The
total network of S raingauge stations will also satisfy the WMD

requirement .

Optimum Number of Stations through Statistical Method :

with an allowing error £ of 10%

N = (-=-—=-—==- ) = 4.7 = 5 (Say)

No Groundwater observation wells are proposed for the time
being, as the existing groundwater observation wells under State
Groundwater Dept are satisfying the requirement. In the following
section procedure for establishing a meteorological observatory,
installation of equipment and taking observations of various
parameters are presented. To measure the evaporation a Pan

Evaporimeter is also proposed at the Subbareddy Sagar, where a

raingauvge station is proposed.

29



6.0 INSTALLATION AND OBSERVATION :

Almost all bhydreological studies require measurements of
precipitation amounts. The amount, intensity and areal
distribution of precipitation are essential 1in any hydrological
study more so for design purposes. Observations of other
meteorclogical parameters such as temperature, bhumidity, wind
speed and direction, evaporation, sunshine are also essnetial. for
studies relating to water balance studies leading to water

management and watershed development.

For systematic collection of this scientific data, the
observatories have to be established to confirm to international
standards. Obsarvation of parameters should be accurate and

scientific. Even the compilation of the data has to be systeamatic.

6.1 Layout of the Observatory :

The hydrometeorological observatory proposed at Kathipudi in
the study area consists of the following instruments.

1. raingague (non-recording)

2. raingauge (Self recording)

3. Steevensen screan in which maximum and minimum, wet and
dry bulb thermometers are kept

5. Anemometer

6. Wind vane

7. U S Class A pan asvaporimeter

The min%pum dimensions for the observatory site should be
atleast 15m X 15 m and preferably «20m X 20 m. The general layout
plan showing location and orientation of various. meteorological

instruments is shown in Fig.7.
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As a general principle the site chosen for a meteorological
observatory should be an open one so that there is free flow of
air over the plot of ground on which the out door instruments ara
installed. The site needs to be fenced to keep out animals and
unauthorised persons. The fencing should be of angle iron and
barbed wire.

The ground should be level and may be provided with turf. It
should not be located on mound with steeply sloping ground. While
installing the instruments, care should be taken to see that none
of, the instruments vitiates the data of the other. The main
criteria is that the spacing betwsen instruments should be such
that they are located at a distance of atleast twice the height of
the neighbouring instrument. For example, if the height of the
Steevenson screen is 1.5 m the other instruments like raingauge or
evaporimeter should be located at a distance of 3m from the

Steevenson scraen.,

6.2 Measurement of Rainfall :

The total amount of rainfall which reaches the ground in a
stated period is expressed as Lhe depth to which it would cover in
ligquid form a horizontal projection of the earth's surface. The
units of preciplitation are linear and dally amounts of
precipitation should be ‘read to the nearest O.lmn. Weskly,
fortnightly and monthly amounts should, however, be read tog the
nearest lmm at least. WMO also recommends that daily observations
of precipitation are made at 0830 hrs.

Different types of raingauges have been designed and used.
Thease consisted bf a collector for delineating the area of the
sample and a funnel leading tu a storage device. The precipitation
thus collected was measured by transferring the contents to a
graduated measuring jar which goes along with the particular

raingauges. The area of the collector and size of the gauges vary
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according to the depth of the precipitation normally recelived in
the region where the precipitation gauges is located and  also
depends on whetehr the measurements are made daily, weekly or at
fortnightly intervals,

Since the size, shape and exposure affect the precipitation
caught by a gauge it is desirable to use a standard gauge so  that
observations from different gauges could be comparable. In India
the Symon’'s raingauge has been adopted as the standard rain

measure since the British days.

6.3 Non recording Raingauge:

The Symon’s raingauge consists of a funnel which has
accuratsely turned and bevellad gunmetal rim 127 mm in diamster
cylindrical body, a receiver with a narrow neck and a splayed base
which is fixed in the ground.

These gauges are now being replaced by Fibre Glass Reinforced
Plastic (FRP) raingauges having same dimensions. The collector
area of the FRP gauge is 200 sq.cm. iIn heavy rainfall areas a
gauge with a smaller orifice (usually 100 sqg.cm) area is preferred
to allow collection of less volume (more depth) of rain water.
Installation of raingauge:

The raingauge shall be fixed on a masonary concrete
foundation 60 X 60 X &0 cub.cm sunk into the ground. The gauge
should be cemented into the platform in such a way that the rim of
the gauge is approximately 30 cm above ground level. This height
1s necessary to prevent the splashing of water into the gauge A
height of more than 30 cm would result in wind eddies created by
the gauge which may result in loss of catch. Where the gauge 1is
likely to be flooded the raingauge is to be installed in such a
way that the rim of the raingauge is 30 cm above the maximum
expected flood level. It should be ensufad that the rim of the

gauge 1s perfectly level.
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Exposure of raingauge:
The precipitation collected depends on the exposure of
raingauge. The following points, therefore, need speclial attention

while installing the gauge as per ISI 4986 (1983).

i) The gauge shall be placed on level ground and not upon

slope or terrace and never on a wall or roof.

i1) On no account the raingauge shall be placed on a slope
such that the ground falls away steeeply on the side of the

[ )
prevalling ground.

iii) The distance betwsen the raingauge and the nearest
object should be generally four times the height of the nearest
object/cbstruction but in no case the distance shall be less than

twice the height of the objeclL/obstruction.

iv) Great care shall be taken at mountain and coastal
stations such that the gauges are not unduly exposed to the sweep
of the wind. A belt of trees or a wall on the side of the
pravailing wind at a distance as mentioned in {(1ii) above is

recommended as an efficient wind shelter.

v) In the hills where it 1is difficult to find a level
space, the site tor the gauge shall be chosen with a minimum level
area of ém x 6m where it is best shielded from high winds and

where the wing does not cause eddies.

Measurement of rainfall:
To measure the rainfall, the water in the bottle should be
poured into the measuring glass cylinder which should be placed on

a level surface. The glass cylinder 1is graduated to 0.2mm
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accuracy. It could, however be read upto O.imm accuracy if the
water miniscus rests between two divisions. Care should be taken
to avoid spilling and paralax error while reading.

It there is more water in the bottie than the measure glass
could hold, the glass is filled upto the 20mm mark and the water
is thrown away after noting. The procedure is repeated until all
the water in the bottle is measured. The total rainfall will bae
the sum of all the readings noted.

1f at the time of observation rainfall happens Lo occur, a
spare bottle could be placed baneath the funnel to avoid loss of
catch., The contents of the spare bottle are subsequently
transferred to the original bottle.

All obssrvations of rain are taken in India at 0830 IS7T to
ensure standardization and intercomparison of rainfall from
different rainguage stations. The rainfall measured at 0830 hrs on
any particular date is entered against the date and it is
understood that the rainfall so registered has been received 1in

24hrs preceding O830hrs of that day (Table 2)..

6.4 Recording Raingauges

Three types of recording precipitation gauges are in general
use. They are the float type, the tilting or tipping type and the
weighing type. In India, the float and syphon tLype recording
rainguage usually referred to as self recording rain gauge (SRRG)
is most commonly used as part of an operation network.

The float and siphon recording gauge is an instrument
designed to give a continuous record of rainfall. The instrument
can record )

i) The total amount of rainfall which has fallen since the
record was started.

ii) The times of start and cessation of raln and, therefore,

the duration of rain
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From the record the rate of rainfall could be estimated. The
recording raingauge 1is generally wused in conjunction with a
non-recording raingauge installed closeby for use as standard by
means of which the readings of the recording raingauge could be
checked and if necessary adjusted.

The float and siphon recording ralngauge consists of a
collector and rainfall recording mechanism mounted on a base. The
recording mechanism consists of a float chamber containing a light
metal (brass) and a siphen. The siphon 1is fixed to the float
chamber by means of four screws with provision for adjusting to
enable correct siphoning. Thae lower end of the float chamber is
provided with a hexagonal cap which can be removed for cleaning
the float chamber. A wire gauge filter 1s provided which fits into
the inlet tube. The recording pen 1is mounted on the stem of the
float. The time is marked by a horizontally rotating drum driven
by a clock. The clockwork mechanism could be mechanical or quartz
type.

As rain falls in the funnel the rain water 1s led into the
float chamber through the inlet pipe and the water level in the
float chamber rises and the psn records the cumulative rain on the
chart wound on the clock drum, The float rises until a specified
amount of raln (usually 10mm or 25mm) is received. After the
gpecified amount of rain 1s received the rain water is
avtomatically siphoned out and the float comes down. The float
rises again when more rainwater enters the float chamber and the
pen attached to the float rises again from the zero line on the
chart. If thaere is no rain, the pen traces a horizontal line from

whare it stops rising indicating cessation of rain.

The gauge generally has a capacity of 10mm of rainfall for

each siphoning and has a collector having a rim area of 325 sg.cm
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{(203.4mm diameter). To record the precipitation at stations where
heavy rainfall with high 1intensity is experienced, it is
preferable to have a rainguage with a collector having a rim of
130 sq.cm (128.6 mm diameter). With this collector, the rainguage
would have a capaclty of 25mm of rainfall for each sipbhoning.A

typical chart from a recording raingauge is shown in Fig 8.

Installation of recording raingauge :

The exposure conditions for the recording raingauge are the
same as those for the onon recording raingauge. The  recording
raingauge 1is installed on a concrete platform &0 cub.cm. The gauge
is fixed to the concrete platform by a 15cm bolt fixed 1n  the
centre of the platform. The gauge shall be so installed that the
rim of the funnel is level and at a height of exactly 750mm above
the ground level. The recording raingauge should be at a distance
of atlegst 2m from the non recording raingauge and preferably 3m
away .

Use of recording raingauge:

AN appropriate chart is wrapped on the clock drum while
taking care to see that corresponding bhorizontal lines on the
overlapping portions are coincident and that the bottom of the
chart is as near to the flange at the bottom as possible.

The clock is wound and the pen is set after pgtting enough
ink in the pen. Water is poured gradually into the inlet tube
until the water begins to siphon. After siphoning is complete the
pen should rest against the zero line on the chart. If 1t does
not, the screw is loosened and the pen is-.-fixed on the float rod
and moved until it rests exactly on zero 1line and the screw
tightened. The chart is changed at the same time evary day, usally

batwaen 0800 and 0900 IST.
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Tabulation of hourly values:

The charts raemoved from the instrument every day are analysed
and hourly rainfall is tabulated {(Table 3.

The sum of the 24 hourly values for the hours 1 to 24 should
pe entered in the column “Raw Total (8)". The entry in the column
divided by 24 gives the daily mean and should be entered in column
‘Mean (5/24)°. The maximum rainfall among all the hours of a day
together with the hour in which it has occured should be entered
in columns "Max. rainfall® and ‘Hour and Time’ respectively. The
next column is meant for the total duration of rainfall in hours
and minutes. For example if.the total duration of rainfall during
a 24 hr period is Shr and 25 minutes it is entered as such in

Hours and minutes columns respechLively.

6.5 Steevenson Screen:

The Steevenson screen 1s a louverad wooden box through which
air can pass freely. it has double roof and a bottom. It is
mounted on legs sunk into ground which are fixed 1in concrete
firmly such that the bulbs of the two vertically hung thermometers
(Dry bulb and Wet bulb) are at a height of 1.3m (4feet) above
ground level. In double Steevenson screen both recording and non
recording type of instruments can be housed whereas in a single
Steevenson screen only maximum and minimum thermometers, bry bulb
and Wet bulb thermometers are kept.

While installing, the screen is oriented in such a way that
the door opens towards the north in the northern hemisphere and
towdrds south in southern hemisphere. This is meant to minimise
the risk of direct exposure of the thermometers to sun rays when
the door is opened for observations.

6.6 Temperature:

For estimating evaporation and evapotranspiration the daily

mean or monthly mean temperature data are needed. This data is

obtained with the help of maximum and minimum tLhermometers. The
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average of daily maximum and daily minimum gives the daily wmean
temperature.

The maximum and minimum thermometers are mounted on a single
board. The maximum thermometer 1s marcury filled and minimum
thermometer 1is alcohal filled. The maximum temperature of the day
is measured through the rise of mercury column. An 1Index provided
in the thermometer is pushed by the rilsing mercury column and
stays at the maximum even after the temperature decreases and the
mercury column recedes. The lower end of the index is the maximum
temperature. After noting the maximum temperature, the index is
brought to the prevalling temperature by vigorously Jerking.

The minimum temperature is measured by the recession of the
alcohal. The receding alcohal pulls the index along with 1t and
leaves it at the minimum temperature even after temperature rises
after sun rise. The upper end of the index gives the minlimum
temperature. The index 1s brought to the prevailing temperature by

slightly tilting the thermometer.

6.7 Humidity :

The humidity is observed with the help of Dry and Wet bulb
thermometers. Both the dry and wet bulb are mercury filled
thermometers. While the bulb of the dry bulb thermometer 1is not
covered, the bulb of the wet bulb thermometer is covered by muslin
cloth which is kept wet continuously with water drawn by capillary
action through a wick dipped in a bottle of distilled water. The
dry bulb and wet bulb thermometers are placed in the Steevenson
screen along with the maximum and minimuim thermometers.

The dry bulb gives the air temperature prevalling at any
given time. In the case of wet bulb thermometer the water from the
moist bulb evaporates and in the process cools the bulb with the

result the wet bulb always indicates a temperature less than that
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indicated by the dry bulb. The temperature of the wet bulb and dry
bulb would be egual only whan the air 1s super saturated with
wataer vapour. The cooling of the bulb is thus dependent on the
humidity of the alr and the difference between the dry bulb and
wet bulb temperature known as wat bulb depression 1s used as a
masasure of the level of moisture content {humidity) in the air.
Table.4 give wvalues of relative humidity at 9%900mb for

different values of dry bulb and wet bulb temperature.

6.8 Wind Speed:

Information on wind speed 1s required for estimating the wave
height in reservoirs and for estimation of evaporation and crop
water requireménts from mateorological pa}amaters. The wind speed
is measured with the help of anemometer. In India cup type
anemometer approved by the IMD is used. For hydrological purposes,
the wind speed would be required at the reservoir level or at Lhe
crop level. The suitable height for the anemometer would be 1to

5ft (0.3m to 2m) above ground level.

Installation of anemometer:

The anemometer should be fixed 1in the corner of the
observatory. It 1s fixed to a 200m G.I.Pipe smbedded in a concrete
block of suitable height as may be required. It should be located
in such a way to ensure that it is free from any obstruction for
free flow of wind.

Measurement of wind spsed:

The wind speed is measured twice daily at 0830 and 1730hrs.
The anemometer is provided with a digital indicator which is
calibrated to give wind speed in Km. The difference between Lwo
readings divided by the time interval would give the spasad in
km/hr. For hydrological purposes the 24hr average wind speed is

recorded.
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¢.9 Wind Direction:

The wind direction is of importance in meteorology, aviation,
shipping, transport, construction esngineering and many other areas
of application. The wind direction is referred to that direction
from which the wind is blowing and is specified relative to the
true north at the place of obssrvation.

The wind direction 1s determined with the help of a wind
vane. It consists of a horizontal arm which carries a flat rail at
one and and a counter welght at the other end. The ho;izontal arm
1s mounted on a vertical spindle mounted on bearings. R'Capnut is
provided on the top snd of the spindel to hold the horizontal arm.
The support table has at the bottom a mounting ring for fixing the
direction arms. Four direction arms are provided which carry the
letters N,E,S and W indicating the four directions North, €£ast,
South and West. Lock nuts are provided for tightening the
direction arms Lo Lhe mounting ring. The position of the counter
welght with respect to the direction arms indicates the wind
direction and may be determined by observing the prevailing
direction for a few minutes. Whare necessary, the direction can be
interpolated between N and £ to give Northeast, E and S to give
Southeast and su on.

Installation of wind vane:

The wind vane shall ba mounted on & main mast with. the
direction arms indicating the true direction, which shall be set
with a magnetic compass. The wind vane shall be located in such a
way that it is not shielded to wind flow. by tall buildings, or
trees. The bearing assembly shall be oiled at regular intervals

-~

for facilitating smooth movement of horizontal arm.
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&.10 Evaporation:

The evaporation from large water bodies like reservoirs and
lakes is estimated by measuring evaporation from a small
evaporation pan called Lhe Pan Evaporimeter. In India, the US
class A Pan is recommended by IMD and is widely used. The pan is
covered with a hexagonal wire mesh (0.70mm) to avoid drinking of
water from the pan by animals and birds.

The pan evaporimeter is made of 1lmm thick copper sheat tinned
inside or of galvanised iron painted white inside and outside. It
is 122.5cm in diameter and 25.5 cm high. A measuring cylinder is
usad 1/10th of the pan such that the area of Lhe cylinder is 1/100
th of the pan. The cylinder is graduated from O to 200mm and a
cylinder full of water correspondg to 2mm depth of evaporation

from the pan.

installation of Evaporimetsar:

The pan is mounted on a wooden platform, 10cm high to allow
for air circulation below the pan. No concrete or masonary
platform should be made as they will cause radiation of heat Lo
the pan. The fixed point in the pan should be at a height of 30cm
above ground level. It 1s also customary to measure the
temperature of the water and wind speed at the pan levael. A
anemometer is installed by the side of the pan at the pan level.
Temperature is measured with the help of mercury thermometer.

To maintain accuracy in the measurements it is advisable to
change the water atleast once in 15 days and periodically paint
the evaporimeter to avoid rusting and leakages.

Measuremant of Evaporation:

To measurs evaporation from the pan the level of water in the

pan is brought to the tip of the fixed peint in the pan by adding

water with the help of the measuring cylinder. The amount @ water
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added to bring the water level to the tip of the point divided by
100 is the evaporation. In case of rainfall, however, the

following method 1s adopted.

i) it the rainfall is light, the water level is brought Lo the Lip
as explalined abgve., The rainfall depth observed by the nearby
raingauge 1s added to the evaporation measured to get the total

evaporation.

11) if the rainfall is heavy, water 1s removed from the pan with
the help of the cylinder to bring the water level in the pan to
the tip of the point. The difference bebtween rainfall depth and
the depth corresponding to the amount of water removed from the

pan is the evaporation.
1ii} 1f the rainfall 1s very heavy and the pan overflows with

watar, a remark is written in the record that the pan overflowed.

Evaporation during heavy raln spells will be any way negligible.
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7.0 CONCLUSIONS -

The previous sections discussed present the hydrological
network design for Suddagedda basin, along with the necessary
procedures for installation‘of different me;eorological.oquipment.

Notes of taking meteorological observation 1is alse dealt at

length.
AL present., there are raingauges recording daily
precipitation at Pralhipadu, Pithapuram, Golliaprolu. A

Meleorological Observatory at Kathipudi along with recording and
non-recording raingauges ab Sri  Santhi Ashram (Sarabhavaram),
Ommangi and Subbareddy Sagar (near Gokavaram village of Prathipadu
Mandal) are proposed.

As far as groundwater network, it is felt that the existing
observation wealls at Prathipadu and Gollaprolu are sufficient.
Since no strekm gauging site 1s existing at present, it 1s
proposed tp establish a gauge discharge site at road bridge near
Gollaprolu, using float method or if feasible using current meter
technique. It is concluded that Lhe proposed network will suffice
the data needs required “or conducling water balance studies 1in
the basin. Evaporation data is to be observed at two places 1i.e.,

the Kathipudi Observatory and the Subbareddy Sagar raingauge site.
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ANNEXURE - I

Statistical analysis of sequences

e i i e Ak e S T A T S e S e ik M i S S i AL S T A

Event : ANNUAL RAINFALL IN SUDDAGEDDA IN 1990

Variables

2076.100

1720.400

1328.700
Number of variables 3
Mean +1708.400
Yariance +139759.800
Standard deviation +373.845

952 level of confidence that the mean is within 779%.6438 T0 2637.156
99% level of confidence that the mean is within -433.8046 10 3850.605

No Variable Empirical probability
M/(N+1) (M-.3)/(N+.4} (M-.5)/N
1.000 2076.100 0.250 0.206 0.167
2.000 1720.400 0.500 0.500 0.500
3.000 1328.700 0.750 0.794 0.833
Coef.of variability +0.210

Coef. of assvmetry

irvbanility % Gauss Lognormal Gumbel Pearson lll
99,90 0.10 2863.58 3255.85 3557.38 3076.67
99.00 1.00 2578.34 2760.57 2881.74 2684.13
98.00 2.00 2477.40 2603.99 2677.91 2553.29
95,00 5.00 2323.37 2382.00 2406.14 2362.63
90.00 10.00 2187.67 2202.15 2167.03 2201.87
80.00 20.00 2022.80 2001.82 1977.49 2014.95
50.00 50.00 1708. 40 1668.91 1647.11 1705.78
20.00 80.00 1394.00 1391.36 1401.29 1390.63
10.00 90,00 1229.13 1264.79 1296.90 1248.57

5.00 95.00 1093.43 1169.29 1220.21 1140.16
2.00 98.00 939.40 1069.61 1142.35 1011.18
1.00 99.00 838.46 1008.94 1094.82 949,50
0.10 99.90 553.22 B55.46 976.43 758.83
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