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PREFACE

The need for conservation of water cannot be over emphasised.
Quantity of water needs to be estimated accurately for proper planning and
its management. Since 1945, CWC is committed for assessment, planning
and management of surface water endowed to this great country.

Flood forecasting activities for all the Major Rivers in India is being
carried out by Central Water Commission (CWC) for many years. Proper
water level measurement at all the gauge sites is necessary for accurate
flood forecast. During monsoon season, frequency of observation of gauge
increased to 24X7, so that accurate forecasts are formulated.

This Manual is having 7 chapters for providing guidance to CWC
officers and staff posted in field formations for proper and uniform
observations. It is hoped, that the procedures, described in the manual, will
be followed in letter and spirit, which will be the first step for creating
reliable hydrological data base.

I appreciate the commendable efforts put by Shri Ravi Shanker,Chief
Engineer (P&D) for bringing out the updated version of Handbook for Hydro
Meteorological Observations. Efforts put in by the officers of River Data
Directorate-2 and Shri Rajesh Kumar, Director(RDC-1); Shri Ram Jeet
Verma, Superintending Engineer (Planning Circle, Faridabad); Shri Mayank
Suhirid, Dy. Director (Monitoring, Faridabad); Shri Rakesh Kumar Gupta,
Dy. Director (RDC-2); Shri Anjani Kumar Mishra, Executive Engineer,
(LGBO); Shri Rohit Gupta, Assistant Director (RDC-2); Apoorva Raj,
AssistantDirector (RMCD) are also appreciated.
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CHAPTER 1

HYDRO-METEOROLOGICAL OBSERVATION NETWORK DESIGN
CONCEPT& GUIDELINES

The National water resources are limited & unevenly distributed resulting in
seasonal abundance, and even devastating floods in some areas, while large tracts
in other regions are persistently drought affected. The above situations have been
compounded with the apprehended Climate change, which calls for data collection
on large scale to carryout climate change studies to help, find possible sustainable
solutions. This erratic occurrence necessitates precise hydrological observations in
rivers for the optimum planning of water resources projects and their subsequent
operations.

Availability and accessibility of hydrological information is the basic requirement
for development and management of water resources. Water scarcity is fast
becoming a critical issue and climate change impacts will further intensify the
water related problems spatially and temporally in India. The need of the hour is to
develop, manage, update, and maintain a centralized national level water resources
information system and provide standardized data and value added services to all
stake holders for its management and sustainable development.

Following activities are required in this regard:

(a) Measurement of hydro-meteorological parameters in rivers at selected place,
time and frequency involving quantity and quality with desired accuracy.

(b) Compilation and tabulation of hydrological data.

(c) Data scrutiny, processing and publication.

1.1 OBJECTIVES OF STREAM FLOW OBSERVATION

Hydro-Meteorological data observation is a scientific way for collection of flow
data at a specific location along the river including selected meteorological
parameters. The reliability of the data is an important attribute for assessing
the water resources in terms of quantity, quality and distribution in time and
space.

In general hydro-meteorological data is observed for following purposes:

(a) Assessment of basin wise water availability and management
(b) Planning and design of water resources projects

(c) Formulating National Water Policy

(d) Study of climate change

(e) Flood forecast

(f) Flood mitigation

(g) Flood Inundation Mapping

(h) Reservoir inflow forecasting

(i) Water quality assessment

(j) Sediment assessment

(k) Morphological studies

() Assessment of navigational potential for inland waterways
(m)Resolving inter-state or international water disputes



(n) Study of the effect of nature and human interference on surface water
availability and its distribution

(o) Research purposes

(p) Estimation of periodical flow distribution during various seasons

1.2 HYDRO-METEOROLOGICAL OBSERVATION NETWORK

The network of stream flow observations is purpose-based on requirements
such as for water resources assessment and its distribution, flood forecasting &
flood management, pollution control and environmental management, river
behaviour and other hydrological studies. Each hydrological station has to offer
some relevant and useful information individually and/ or collectively with
other stations. Hydrological network optimization is a slow and evolutionary
process, starting with a minimum number of stations, and increasing gradually
(as necessary) until an optimum network is attained. An optimum network is
achieved when the amount and quality of data collected and information
processed is economically justifiable and it meets the users’ needs. Hydro-
meteorological observation network in a basin depends on:

(a) Purpose or objective
(b) Terrain or Physiographic region in the basin

As per the WMO Guidelines, minimum hydro-meteorological stations density
should be as follows:

Minimum density (area in km?2 per station)
Physiographic Precipitation Station Stream flow Measurement Station
Region
Non- Recording Evaporation | Stream Sediment Water
recording Station flow discharge and Temperature
Station | sedimentation | (Water Quality
Station)
1. Coastal 900 9,000 50,000 | 2,750 18,300 55,000
2. | Mountainous 250 2,500 50,000 | 1,000 6,700 20,000
3. Interior 575 5,750 50,000 | 1,875 12,500 37,500
Plains
Hilly/ 575 5,750 50,000 | 1,875 12,500 47,500
Undulating
S. Small islands 25 2520 50,000 300 2,000 6,000
Polar/arid 10,000 100,000 100,000 | 20,00 200,000 200,000
0

1.3 CLASSIFICATION OF HYDROLOGICAL OBSERVATION STATIONS
A stream flow observation station may be of any of the following three types:

(a) Primary stations or Key gauging stations or Principal stations - Maintained
on long term basis to generate representative flow series

(b)Secondary stations or Short duration stations - Period enough to establish
the flow characteristics of the river or stream.




(c) Special purpose stations or Specific purpose stations or project stations or
temporary stations - Discontinued when the purpose is served after
fulfilment of legal agreement between co-basin states.

Note: The primary as well as the secondary stations many times serves as special
purpose stations.

1.4 GENERAL GUIDELINES FOR FIXING LOCATION OF HYDROLOGICAL
OBSERVATION STATION AND DESIGN OF HYDROLOGICAL
OBSERVATION (HO) NETWORKS

(a)For rivers flowing across the plains before delta region, a station should be
established at the point where the river normally divides itself into branches
before joining the sea or a lake should invariably be chosen as terminal
station for that particular river.

(b)In case of mountain rivers, stations should be created at u/s of the
confluence in the minor tributary; and, below the confluence of a major
tributary or at the outflow point of a lake.

(c)In case of large rivers:
i) The distance between two stations on the same river should not be more
than 60 Km.

ii) The drainage area between the stations should be more than ten percent.

(d)Small independent rivers which flow directly into the sea should have at
least one station as near to the confluence with the sea as possible.

(e) There should be at least one station on all international/ inter-state rivers as
close to the border / boundary as possible.

(f) The network should be designed in such a manner as to ensure that all
distinct hydrological area is adequately covered.

(g)The Network Design and establishment needs should be reviewed
periodically.

/ P is proposed site

A to H are existing G&D Sites

Figure 1: Typical Sketch of a River Basin-HO Network



Some additional points for consideration before selection of a gauging site
are as follows:

(a) There should be minimum number of channels & minimum width in plain
area.

(b) The flood plain should be avoided entirely or should be minimum possible.
(c) Station should be far away from any bend or natural or artificial obstruction.

(d) The river flow should be as close as possible normal to that of the prevailing
wind direction.

(e) The locations with possibilities of vortex formation or return flow should be
avoided.

() As far as possible, station should be free from aquatic growth, trees and
obstructions.

(g) The station should be away from the backwater zone caused by any
structure on the river

(h) The site should be sufficiently away from the disturbances caused by rapids
and falls etc.

1.4.1 HYDRO-METEOROLOGICAL PARAMETERS FOR OBSERVATIONS

Following hydro-meteorological parameters are generally measured depending upon
the purpose of observation:

(a) River water level

(b) River discharge or flow

(c) River Cross Section

(d) Suspended sediment/silt in river.

(e) Rainfall and other weather parameters

(f) Water quality consisting of many different parameters.

The above activities involve selection of site/station on the river, design of network
for a basin or river system, type of methodology to be used at the station, selection
of suitable equipment and technology for observation of different parameters,
tabulation-calculation-compilation of observations made, scrutiny-validation-
publication of data. All of the above activities have been described in detail in the
following chapters.



CHAPTER 2

ESTABLISHING HYDRO-METEOROLOGICAL
OBSERVATIONSITES

2.1 CRITERIA FOR SELECTION OF SITE

A thorough reconnaissance by an experienced Engineer is mandatory before
finalisation of any hydrological observation site. The reconnaissance survey
should be preceded by study of the area using Geographical Information
System (GIS) and topographical maps of the area.

The reconnaissance should generally be undertaken during fair weather
(summer/winter), when the reach is fairly exposed for visual inspection. In
selecting a hydrological observation site, the following criteria should be
adopted as far as possible.

1.  The river bank and bed should be reasonably straight and stable both
upstream and downstream of the gauge line for a distance of at least 4
times the normal width of the river during high flood or 1 kilometre
whichever is less

2. The river in this reach should not show any signs of progressive
aggradations or degradation.

3. Ideally, the water level should have no slope from bank to bank along the
section at the gauge site. However, in case of slope is observed then
gauges should be fixed on both the banks on the cross-section line and
mean of the two gauges taken as the gauge reading.

4.  The riverbed should not have reverse slope, i.e., slope against the current,
in this reach and should be free from pools and rapids.

5. The water level in the reach should not preferably be affected by
backwater effect from any structure or river confluences.

6. The orientation of the reach should be such that the direction of flow is as
closely as possible normal to that of the prevailing wind.

7.  Sites at which there is tendency for the formation of vortices, return flow
or local disturbances should be avoided.

8. When gauge site situated near a confluence, its minimum distance
upstream from the confluence point on either of the streams should be
such that the backwater or disturbances due to floods in the other stream
would not affect the gauge even if the stream on which the gauge is fixed
is running low.

9. Water level at the gauge site should not be affected on account of a falling



curve obtained over a weir crest or immediately below a constricted
bridge. It is recommended that when the gauge is located downstream of a
structure, a minimum distance between the gauge and the structure
should be kept 3 times the width of the section at high flood level in case
of smaller streams. In case of big rivers length of 0.5 — 1.0 km below a
weir or a bridge may be considered adequate for obtaining normal
conditions.

10 The site should be free from aquatic growth which is likely to interface
with the gauge measurement.

11 When gauges are observed from railway bridges, it is to ensure that
sufficient free board is available even at very high floods. While installing
such gauges it is necessary to locate these at points where highest water
level will be obtained at the bridge during the passage of flood.

12. The site should be such that water flows in a single channel throughout
the year and does not over flow banks. If bank spills are unavoidable
these should be limited to minimum width and have as uniform depth as
possible. Where a single channel is not available, as in case of braided
rivers two or more channels satisfying these conditions should be used.

13. The site chosen should be easily accessible and should have clear and
dependable approach at all times of the year. It is preferable to locate a
site in the vicinity of an all-weather road which does not get submerged
during floods. The site should be free from bushes, trees & other
obstructions.

2.1.1 SITE OFFICE

The site office should be established for each site. The requirement of space
varies depending upon the parameter to be observed at the site. The general
criteria for site office are as follows:

(a) The site office whether rented or its own should be closely located near the
actual site where observation is to be made.

(b)Site office as well as site should have proper approach road or path.
(c) It should be accessible throughout the year, even in extreme condition.

(d)Each site office should have proper sign board (written in bilingual) installed
at appropriate location. Template of sign board is given at Annexure-I

(e) It should be maintained properly including cleanliness of toilets daily and
whitewashing of building at least once in a three year.

The salient features of the site (in bilingual) including purpose of opening of site
initially and present utility, Map of the site and photograph (AO size) should be
displayed at the site office. Various Historical records such as HFL, Highest
Discharge, Maximum Sediment, Maximum Rainfall, Temperature and other
parameter depending upon the parameter observed should be included in the
salient features. Template of salient feature is given at Annexure-II.



2.1.1.1 SITE OFFICE EQUIPMENT/INSTRUMENT

Depending upon the parameter observed at the site, the following minimum
equipment/instrument should be made available at the siteas given at
Annexure-III.

2.1.2 BENCH MARK

(a) The Musto Type Bench Mark (MTBM) at each site on standard bank should
be established as per the drawing attached at Annexure-IV.

(b)The Bench Mark should be established at sufficiently high level (at least 0.5
m above the HFL).

(c) The date of connection of Bench Mark from the nearby available Survey of
India (Location should be mentioned) site office should be established for
each site.

(d)The Reduced Level w.r.t mean sea level should be clearly written on the
MTBM.

(e) D-type Temporary Bench Mark (D-TBM) at other bank should also be
established at each site at appropriate location (above HFL).

(f) Temporary Bench Mark (TBM) should also be established near upstream and
downstream centre line above HFL on Standard Bank Side.

2.1.3 ZERO OF GAUGES

The gauge observations to be fully useful should be convertible into Reduced
Levels (RL) above or below mean sea level which is the common datum
internationally adopted. To enable this, the zero mark on the gauge must be
connected with the RL. In fixing: a gauge zero, the following requirements have
to be satisfied.

(@) The zero of the gauge should be fixed below the lowest recorded water level
and it should be in meter only.

(b) After installation of a gauge, its zero should be connected to the nearest GTS
bench mark and reduced level with respect to the mean sea level
determined, checked and entered into the record.

(c) The circuit should be closed preferably on another nearest GTS bench mark.
The reduction of levels should be made in the office by the Sub-Divisional
Officer.

(d)Once the zero of the gauge is fixed and recorded, it should not be changed
except under special circumstances. If the old gauge is changed and
replaced, its zero value should be retained the same by properly fixing and
adjusting it.

() When a permanent GTS bench mark is more than 3 km away from the
gauge, (i.e. when there is no Musto type bench mark available)a new



permanent bench mark in a safe position should be established for reference
near the gauge site.

(f) A reference mark on the structure to which gauge is fixed should be made.
Reduced level of the reference mark should be obtained independently by
levelling and recorded. This can be used for easily and quickly verifying the
correctness of the gauge.

(g) In case of temporary gauges, if these are moved with the shifting of the low
water channel during dry season or any other reason, care should be taken
to see that the zeros of gauges are accurately correlated.

2.1.4 GAUGE LINE/CENTRE LINE

(@)The river bank and bed should be reasonably straight and stable both
upstream and downstream of the gauge line/centre line for a distance of at
least 4 times the normal width of the river during high flood or 1 kilometre
whichever is less.

(b)Centre line should be normal to direction of current of the river.

(c) The river in this reach should not have either show any signs of progressive
aggradations or degradation.

(d)Ideally the water level will have no slope from bank to bank along the section
at the gauge site. However, in case of slope is observed then gauges should
be fixed on both the banks on the cross-section line and mean of the two
gauges taken as the gauge reading.

(e) The river bed should not have reverse slope, i.e., slope against the current,
in this reach and should be free from pools and rapids.

(f) The water level in the reach should not preferably be affected by backwater
effect from any structure or river confluences.

(g) The orientation of the reach should be such that the direction of flow is as
closely as possible normal to that of the prevailing wind.

(h)Sites at which there is tendency for the formation of vortices, return flow or
local disturbances should be avoided.

(i) When gauge site is situated near a confluence, its minimum distance
upstream from the confluence point on either of the streams should be such
that the backwater or disturbances due to floods in the other stream would
not affect the gauge even if the stream on which the gauge is fixed is running
low.

(j) Water level at the gauge site should not be affected on account of a falling
curve obtained over a weir crest or immediately below a constricted bridge. It
is recommended that when the gauge is located downstream of a structure, a
minimum distance between the gauge and the structure should be kept 3
times the width of the section at high flood level in case of smaller streams.



In case of big rivers length of 0.5 — 1.0 km below a weir or a bridge may be
considered adequate for obtaining normal conditions.

(k)The site should be free from aquatic growth which is likely to interfere with
the gauge measurement.

(I) When gauges are observed from railway bridges, it is to ensure that
sufficient free board is available even at very high floods. While installing
such gauges it is necessary to locate these at points where highest water
level will be obtained at the bridge during the passage of flood.

(m) The site should be such that water flows in a single channel
throughout the year and does not over flow banks. If bank spills are
unavoidable these should be limited to minimum width and have as uniform
a depth as possible. Where a single channel is not available, as in case of
braided rivers two or more channels satisfying these conditions should be
used.

(n)Target post should be installed at centre line above HFL on the both bank of
river and connected with zero of gauge. Painting of Target Post should be
done every year before onset of monsoon.

(o)If discharge is observed at the site, then upstream gauge line 500m
upstream of the centre line and downstream gauge line 500m downstream of
the centre line should also be established.

(p)Gauge post should be upto minimum water level possible in the river and
should be erected with minimum overlapping height of approx 30 cm.

(q) The Reduce level of all the gauge post should be fixed with MTBM.

(r) After fixing the gauge post, water level of the river should be measured
manually and verified with auto level.

2.2 RIVER CROSS- SECTION

(@)The river cross section at Gauge Line/Centre Line, Upstream and
Downstream Gauge Line at all site shall be taken twice once after monsoon
between November to December and another before monsoon between April
to May.

(b)Cross Section should cover HFL or top level of embankment/firm bank on
both banks.

(c)Both Pre-monsoon and Post-monsoon X-Section should be plotted on a
single overlapping graph.

(d)X-Section data for each site shall be entered in eSWIS immediately by the
Sub-Divisional Officer under his/her jurisdiction.



CHAPTER 3

RIVER STAGE OBSERVATION

3.1 INTRODUCTION

In any Engineering field, the observation, compilation and validation of data is the
most important aspect which lays the foundation of further activities. The
measurement of water level or stage at a gauging station is perhaps the most
fundamental activity in hydrology. Field practice and frequency of observation
should match with the data needs and the available instruments. The greatest
frequency of observation is required when the level (and discharge) is changing
rapidly, especially during the monsoon season.

Manual observation by staff gauge will remain as the sole means of observation at
many stations in the years to come. They will also continue to be used at all
stations to check the operation of recording equipment at intervals, as a back-up in
the event of instrument failure and in conjunction with discharge measurements
for stage-discharge determination.

The water levels are normally recorded using:

(a) Staff gauges (RCC Post/Wooden post cut to edges).
(b) Stations with Radar/Pressure sensor (Digital Water level Recorders)

3.2 STAFF GAUGES

(a) The gauge observer will read the water level at an external staff gauge
located directly in the river, and record to the nearest 1 mm where the water
has little surface fluctuation. Where the water level is unstable due to wind
action or turbulence, the observer will assess the mean level by noting the
level fluctuation over a period of approximately 30 seconds and take the
mean (average) of the normal range. Any gauge maintained inside of a
stilling well should not be used as the primary water level measurement
gauge. Observation will be made by making the closest possible approach to
the gauge in the river consistent with safety. Where the staff gauge is likely
to become too distant for accurate gauge readings during rising flood levels,
a simple pair of binoculars may be provided.

(b)The frequency may also be used to record the maximum and minimum
water level during the day in addition to hourly levels, is such additional
data is available. In rapidly changing flows, the maximum level may exceed
the highest recorded hourly level, when it occurs between the hourly
observations. Similarly, the minimum level may be lower than the lowest
hourly level.

(c) The gauge reader is required to maintain good time keeping and the hourly
observation will not fall more than 5 minutes before or after the hourly
observation time.

(d) The observer will note on the form whether the gauge is the only gauge, the
main gauge, or a supplementary gauge, or gauges, for assessing surface



water slope. A separate form will be used for each supplementary gauge in
use. It is important that each gauge is clearly identified on the form. For
supplementary gauges the observer will note whether the gauge is upstream
or downstream from the main gauge. Where supplementary gauges exist and
are some distance apart, the upstream gauge will be read first and the
downstream gauge as soon thereafter as is consistent with safety.

(e) During period of low flow or where the station is equipped with a reliable
automatic or digital method of recording, the observer will take readings
three times daily at 0800, 1300 and 1800 hours and record on the standard
form covering a period of one month per form. Where an internal gauge
exists in a stilling well it will be read once daily at 0800 and recorded.

(f) When the gauge observer reads the gauge at other, non-standard times, he
must ensure that the actual time of reading is recorded.

(g) When the gauge observer is unable to visit the station due to sickness or
other reason, he will in no instance attempt to estimate or interpolate the
missing value(s) but will leave the space blank or note “M” and record in
“Remarks” the reason for the missing record.

(h)The observer will ensure that there is a direct connection between the
flowing water surface and the gauge. After flood siltation he will, if
necessary, remove sandbars or dig a trench from the gauge to free water. A
shovel will be provided for this purpose. The channel to the gauges may
require renewal on a daily basis.

(i) The observer will note in “Remarks” all those occurrences, which may
influence the level as observed at the gauges and especially those, which
may affect the level-discharge relationship. The time/date and location of
occurrences will be noted. The following occurrences in particular should be
noted:

i) Damage or destruction of gauges due to flood or other cause

ii) Scouring and lowering of the river bed level either at the gauges or at the
control site

iii) Construction of bunds downstream to raise water level for abstraction or
diversion

iv) Extraction of sand or gravel from the river channel

v) Blockage or partial blockage of the channel by floating or other debris in
flood.

vi) Significant weed growth in the channel or on the weir and its subsequent
removal.

(j) The observer will record the level at which flow ceases and the pool of water
at the gauges becomes static. Where the river level falls below the level of the
lowest gauge but flow continues, for example due to scouring of the bed at
the station, the observer will attempt to continue the observations. In such
occasions, the observer will measure downward form the datum of the
gauges and record it as a negative stage i.e. he will measure the distance
from the zero on the gauge to the water surface. For example, if the distance
from the gauge zero to the water surface is 0.15 m, then the gauge reading



should be recorded as -0.15 m. as soon as possible, the engineer in charge
will re-survey the station and reinstall the gauges with a new datum,
ensuring that survey details and the change in datum are fully documented
in the station record.

3.2.1 ACCURACY OF GAUGE OBSERVATION

When gauge observations are made for use with a gauge-discharge curve or for any
other purpose except for measurement of slope, the gauge should be read and
recorded correct to 3 cm after averaging several readings. During flood season due
to turbulence and wave motion this accuracy is sufficient. In non-flood season it
would generally be possible to observe the gauge correct to 5 mm and also when
gauge observation are meant for calculating slope, they should be read corrected to
S mm. Hence the least count or minimum reading of staff gauge should be 5 mm.
The Automatic water level recorder and recording type of gauges have least count of
the range of 1 mm or less.

3.2.2 FREQUENCY OF GAUGE OBSERVATION

The frequency of gauge observation primarily depends on the purpose for which
gauge observation is to be made. The characteristics of the river are also important
factors in determining the frequency of gauge observations.

During non-monsoon period the gauge observation can be done three times a day
at uniform interval because the river flows are generally very low and discharge
fluctuations are small. During monsoon season the river rises and fluctuations &
disturbances are more and data of water levels are more important for recording
HFL and for flood forecasting purpose. Hence, during monsoon period gauge
observation at every hour is recommended. For flashy rivers the fluctuation in
water level are more sudden, which necessitates gauge observations at shorter
interval.

When gauge observation is made in connection with discharge measurement, the
gauge is observed both at the time of beginning and at the end of discharge
measurement. If the difference in the two gauges is less than 5 cm, the mean value
is adopted in discharge computations. If the change in stage is more than 5 cm, the
gauges should be observed more frequently at an interval of half an hour or even
less. When gauge observation is done for discharge observation by area-slope
method, the gauges are generally installed at the centre, upstream & at
downstream for measurement of water level for calculating the slope.

3.2.3 CHECKING OF GAUGES

In order to ensure accuracy of gauge observations periodical checking of gauges are
essential. All gauges should be inspected and checked every year at least twice,
once before and once after the flood season. During the checking the useful tools
must be taken. Checking of gauge would mainly concern with the condition of the
gauge along with accessories and its zero level. It is necessary to check up the
levels with reference to the reference benchmarks and reference points.

For checking the staff gauges, reduced levels of the top of each section of the gauge
should be checked. Reduced levels (RL) obtained by using the recorded zero of
gauges should be compared against the reduced levels obtained by levelling. If an



error beyond the least count for a gauge is revealed, the zero of gauge or position of
any section of the gauge should evidently require correction. In gauges intermediate
divisions should be verified for their correctness using a steel tape or level.

3.2.4 RECORD OF GAUGES

For proper maintenance of gauge records standard forms are being utilized. For
recording the gauge readings, the standard river data forms (RD Forms) RD-3 &
RD-4 are used. RD-3 form is used for recording daily three times gauge
observations at 8:00, 13:00 & 18:00 hrs. RD-4 form is being used during the
monsoon season for recording hourly gauge readings.
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Figure 2: Manual Staff Gauge

3.3 Digital WATER LEVEL RECORDERS

Digital Water Level Recorders (DWLR™s) take a variety of forms but have in common
the ability to measure and register the water level at a specified interval in digital
storage on a data logger. The sensor may take the form of float-operated shaft
encoder, a pressure transducer or Radar measurement. Data loggers for water level
measurement nowadays have the capability to store the data and facility to retrieve
it using USB drive and also transmit the data using GPRS system or satellite based
to a predefined location(s).

The methods of setting up and checking DWLR"s depend upon the type of logger
and sensor and on software specific to a logger type. Visual checking of the
performance of the DWLR is possible through on-site display into the logger.
Periodical checking involves following steps:

(a) Read the reference staff gauge.
(b)Check the Permanent termination block for deposition of silt and remove the

silt if required so as to make it free upto the nozzle level (bubbler type
DWLR).




(c) Check that the logger clock is within acceptable time accuracy.

(d)Check the current water level recorded by the DWLR with that of staff
Gauge.

(e) Download the logger data, either the full stored contents or the data since
last download, as required.

(f) Clean the solar panel from dust or debris.
(g) Check for breakage of HDPE pipe.
(h)Check the battery condition as provided in the data logger display unit.

(i) Notice any change in the alignment of antenna of the transmitter and inform
the Engineer-in-charge accordingly.

(j) Visually inspect the alignment of the Radar.

(k)Check that the cables and electrical connections are not damaged or

loosened.
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Figure 3: Bubbler type telemetry DWLR
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CHAPTER 4

DISCHARGE OBSERVATION

Stream/River flow measurement involves determination of total volume of water
passing through the cross-section of a stream in a measured interval of time. Water
discharge in rivers and streams is usually expressed in cubic meters per second
(cumec) or cubic feet per second (cusec).

There are various methods for the measurement of discharge, which can be
classified into two categories, namely:

(a) Direct methods
(b) Indirect methods.

Direct Methods Indirect Methods
1. Area-Velocity Method using i) Slope-Area Method
Current Meter ii) Stage-Discharge Relation
iiij Discharge Estimation at
i) By Wading Hydraulic Structures
ii) By Boat or Catamaran or Motor
launch

iii) From Bridge
iv) From a Cable-way

2. Other Methods

i) Float Method
ii) Ultrasonic Method (ADCP)
iii) Colour velocity Method

4.1 AREA VELOCITY METHOD USING CURRENT METER

Discharge Measurement by the Area-Velocity method is the most accurate one and
is adopted by various agencies in India for regular discharge observations. In this
method, observations of depths and velocities are required to be made in a number
of segments along the section.

In this the river section is divided into a number of compartments depending upon
the degree of accuracy required. The width and mean depth of each compartment is
measured to determine its cross-sectional area. The mean velocity in the
compartment is measured by a water current meter. The discharge through each
compartment is the product of its cross-sectional area and mean velocity. The
discharge of the whole section is obtained by the addition of all such
compartmental discharges.




4.1.1 EQUIPMENT USED FOR DISCHARGE MEASUREMENT

The equipment used at CWC Gauging Stations can be grouped into three categories
as indicated below:

Equipments for

Equipments for Miscellaneous
measurement of .
velocity measurement of depth Equipments
(a) Current meters & (a) Wading Rod (a) Stop Watch/ CM
Accessories (b) Sounding rod Counter

(b) Protractor (c) Echo Sounder (b) Fish Weight

(c) Battery box with

Earphone

(d) Thermo-meters

(e) Navigational
Equipment

(f) Life Saving Devices

(g) Dumpy/Auto Level

(h) Prismatic Compass

(i) Screw drivers and
spanners set

(j) Knife

4.1.1.1CURRENT METERS & ACCESSORIES
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Figure 5: Cup type Current meter

Current Meters (CM) are used to measure velocities at selected verticals along the
discharge section. They are broadly classified as vertical axis cup type meters and
horizontal axis screw or propeller type current meters. Vertical axis cup type



current meters are widely used at sites. Sometime few current meters of propeller
type called Neyrpic current meters also used.

They are used at sites where velocity is high in the order of 3.5 m/Sec and above.
Pigmy current meter is used when the velocity of flow is very less.
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Figure 6: Current Meter

Figure 7: Current Meter While Taking Discharge Measurement



The accessories include

(a) suspension equipment
(b)headphones

(c) electronic counters
(d)battery

The current meters are rated in the rating tank in the recognised Institutions such
as IITs etc. After current meter is calibrated in a tank, a statistical rating curve is
prepared to enable direct reading of velocity while using the current meter during
field observations.

The curve approximately takes the form of a straight line with equation V=aR + b
where V is the velocity and R the revolutions per second. A rated current meter
should be used for total 180 days or for 90 working days or 300 hours before its
rating period expires. International Organisation for Standardization specifies this
period to be 100 working hours.

Whenever a current meter is being replaced, it should be compared with the freshly
rated current meter on last three days. If the difference in discharges observed by
the two meters go beyond 5% a third current meter should be brought in for
comparison and confirmation of the values. If the Current meter being used is
damaged due to some reason then the comparison may not be done as this will give
wrong information.

The current meters are tested daily for spin before starting and after completing the
discharge observations. If the spin is below 40 Sec the current meter should be
discarded and a fresh current meter obtained. The spin should not be adjusted by
movement of screws, spindle and pivot. It must be remembered that the discharge
is a direct function of the observed velocities.

In order to ensure that the observed velocities are correct, it should be handled
carefully always in the wooden box and oil them daily before and after discharge
observations for free rotation of spindle. A rating chart also be supplied along with
the current meter to enable to deduce velocities from the observed values of
revolutions of the current meter rotor and time taken. This rating chart must be
preserved in a good file for any later reference.

4.1.1.2 WADING ROD

It is a metallic rod circular in section and is of 1.5 M length with a base plate at the
bottom. The length of the rod (1.5M) is composed of 3 pieces of each 0.5M in
length. The pieces can be detached when not in use and packed up in the wooden
box supplied. The wading rod is graduated in lengths of 1 cm so as to know the
depth at which the current meter is lowered.

The wading rods are used to suspend the current meters for observation of
velocities by wading in low depths say up to 1 m, or more if possible. The current
meters are suspended by means of a suspension rod and clamp bolts. A separate
wading rod of 8 mm diameter rod is also used for lowering of pygmy Current Meter
at depth below which the cup type CM cannot be used.
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Figure 8: Wading Rod

4.1.1.3 PROTRACTOR

It is not always possible to select a measurement section, which is at right angles
to the direction of flow, especially in the case of bridge measurement. In other
cases, flow across part of the section may approach it at an oblique angle. It is
necessary to obtain the component of velocity normal to the cross section. Propeller
type meters on rod, held firmly at right angles to the cross section will measure the
component velocity in such oblique flows and do not need correction.

However, cup-type meters and propeller meters on cable suspension align
themselves directly into the current and require correction by multiplying the
measured velocity by the cosine of the angle between the current direction and the
normal direction. With a simple protractor on the Current Meter Measurement Note
Sheet, the cosine of the angle can be read directly.

Meter in stream

- 5
B Tag line, edge of cable
Paint of o ; car, or bridge ratl

K

Read angle coatficient here

Figure 9: Using the protractor on the gauging form to determine
oblique angle of flow

4.1.1.4 SOUNDING ROD

These are circular or oval in section and are 3m in height. They are graduated to
read nearest to a centimetre with a base plate at the bottom. They are used to



measure depths (In case depth is not more than 3m) at the selected verticals.
However, bamboo sounding rods can be used to measure depths upto 6m. Marking
on the bamboo should be truly vertical and along the body of the bamboo.

4.1.1.5 ECHO-SOUNDER

Echo Sounders are used to measure large depths in floods when the length of the
sounding rod becomes insufficient to measure depth and could not be held vertical
due to high velocity. Echo sounder is an accurate and rapid instrument for
measuring and recording depth.

The conventional method of sounding line may introduce error on account of
three sources:

(a) Deflection of the line due to the current

(b)Error in judging when the line becomes truly plumb

(c) The bottom weight may sink in the bed depending on the bed material.

These errors are obviated by use of an echo sounder. As the name suggests, the
echo sounder works on the principle of sending out a pressure wave for a very
short duration, receiving back the echo, that is the reflected wave, and measuring
and translating the interval of time between start of the sound impulse and
receiving of the return echo in terms of depth of flow.

The depths observed by Echo Sounders are prone to errors and hence should
invariably be compared with the depths observed by sounding rod in low floods
when both can be conveniently used to ascertain its accuracy. No air bubble
should be present on the transducer face, which causes progressive deterioration of
waves and instrument’s depth indicating capability.
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Figure 10: Echo Sounder
4.1.1.6 STOP WATCH/ CM COUNTER

In gauging stations, it is used to count the time taken for a number of revolutions
of the current meter rotor. It is also used for noting time in float observations and
in sediment analysis. Now counter with facility to pre-set time/ revolutions are
being commonly used.

Figure 11: Current meter counter

4.1.1.7 FISH WEIGHT

Weights in the shape of a fish are added to the sounding link (sounding link is a
wire with a suspension rod at the bottom to suspend the fish weight and used to
measure depth) or cable to keep reasonably vertical during measurement velocity
and depth in rivers with sufficiently high velocity. The weights are in different sizes
and weight according to the size. Heavy fish-weights are used for high velocities.
The following formula may be useful guidance when choosing weights for different
velocities.

Fish weight in Kg = 5 (Max Depth x Max Velocity) (IS 4073-1967)
Where depth is in m and velocity is in m/s.



Figure 12: Fish Weight

4.1.1.8 THERMO-METERS

Each of the station is also supplied with the thermometers to measure temperature
of river water at 0800 hours daily. In addition to the above, temperature of river
water is also observed before starting discharge observations and after completing
discharge observations.

4.1.1.9 NAVIGATIONAL EQUIPMENT

In order to observe velocities and depths at selected verticals along a discharge
section, sites are provided with navigational equipment such as wooden/ FRP/
steel boat /launch of sufficient size and buoyancy, with a cable way/ O.B. Engine
of sufficient horse power (25 to 90 HP) and persons sufficient numbers to position
the boat. In the case of Bridge sites, no such equipment would be necessary for
movement since observations are conducted from bridge using a bridge outfit. This
equipment must be kept in good condition and painted neatly. They must be
washed daily to remove mud and stains.

4.1.1.10 LIFE SAVING DEVICES

As the officials will be going out into the river by boats there is always a certain
amount of risk due to certain short-comings like failure of O.B. Engine and
unforeseen conditions like sudden rise of water. Precautionary steps have to be
taken for such unforeseen eventualities. For that purpose, gauging stations are
supplied with Life Jackets and Life-buoys (Life Saving Devices).

Every person must normally wear the Life Jacket and enter the boat so that in the
case of any mishap, the person shall still be afloat and be saved by the other. In
case the person did not wear the Life Jacket and had fallen into the river, someone
must throw the Life buoy to him so that the drowning person can catch hold of it
and float away to the bank safely.



4.1.1.11 AUTO LEVEL OR DUMPY LEVEL

An Auto Level or Dumpy level is a levelling instrument and it is also supplied to all
the sites to check the levels of all the gauge values periodically for correctness of
the values. The level should also be tested for permanent adjustments on every 1st
day of the month.

Figure: 13: Auto Level
4.1.1.12 PRISMATIC COMPASS

Gauging Stations are also supplied with a prismatic compass for measurement of
angles and direction to accurately position the boats and power launches on a
particular RD’s and other measurements.

Figure 14: Prismatic Compass

4.1.1.13 SEGMENTATION OF AREA OF CROSS-SECTION

For discharge measurement, observations of depths and velocities are required to
be made in a number of segments along the section. Fixing of the number and
position of segments is known as segmentation. Method of segmentation presumes
that measurement of depth and mean velocity made on any vertical gives a true
average of these values within half the widths of adjoining segments on either side



of a vertical. The segmentation & the width of segments are taken as per the
following:

Sl.No Description of channel Number Maximum width
Of observations of Segment in
Verticals Meters
(1) Channel not exceeding 15 m or 15 1.5
where its bed changes abruptly
(2) Channel with width of waterway 15 6
from 15 to 90 m
(3) Channel with width of waterway 15 15
from 90 to 180 m
4) Channel with width of waterway 25 -
from greater than 180 m

The segmentation is also made in such a way that not more than 10% of the total
discharge passes through each compartment and preferably not more than 4%
variation exists between the discharges through any two adjacent compartments
and in fixing segments, equal spacing of verticals should be preferred wherever
possible.

Although the verticals are spaced at equal distances (Common width), there shall
have the common width. The triangular area correction at both the ends should be
deducted to get the final corrected area. The formula used for first RD is:

1
area correction = (common width — 7 the sum of segments on either side of first RD in water )

1
*5 depth at that RD * uncovered width * depth at the first RD of observation

4.1.1.14 MARKING OF SEGMENTS

Where the width of channel permits, the width of each compartment is measured
by direct means, i.e., some steel tape/wire suitable marked pendants. Where the
channel is too wide, the distance would be measured by optical or electronic
distance meters or by any of the usual surveying methods.

After deciding on the number of segments in which the cross-sectional area is to be
divided, it is necessary to mark these on the section line to facilitate correct
positioning of the sounding line and current meter on different verticals. For this
the most popular method is the pivot point method. When the discharge
observation are proposed to be made from a bridge, segments are marked directly
on the bridge parapet, railing or structural members.

When wire rope is used for segmentation then on the rope, tags, pendants or tally
marks are attached to indicate every vertical on which observations are to be made.
Depth and velocity measurements are made by wading or from boat at these
verticals.



28
f;f‘

A

| !
ff! WI

MC = BET CN™

Figure 15: Measurement of cross section —Projection from opposite

bank
T i | 1} o -
b NP M '/o\/lr S}
A B (‘ g Il ¢ o
I i

= DE = CN

MO = C& tan =

Figurel7: Measurement of cross section-Angular Method

PIVOT POINT METHOD

When river is wide and land is available the pivot point method is the most suitable
method for marking the segments. In this method, as shown in the Figure below
distance AP is approximately half the width of the river and PD is about one-fifth of
AP. On a line DD", points are marked at fixed intervals depending on the width
between the selected verticals. The boat moving on the line AA“ can be fixed in the
selected vertical by lining up with points P and E1, E2, E3 etc. A second set of pivot
points on the other bank can also be used, if required.
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Figurel8: Pivot Point Method

4.1.1.15 MEASUREMENT OF DEPTH

Measurement of depth and velocity by current meter are generally made in
successive operations. The measurement of depth can be taken by using wading
rods, sounding rod, log line or echo sounder.

Wading Rod is used when velocities are low (1 m/s) and depths are small up to 1
m,wading observations using wading rod suspension can be made. If depth of flow
permits, these rods may be used when observations are made from a boat or from a
channel crossing. The rod is generally upto 3 m in length with arrangement to
attach the current meter and a detachable base plate to prevent its sinking in the
bed.

Sounding Rods are circular or oval in section and are 3m or more in height. They
are graduated to read nearest to a centimetre with a base plate at the bottom. They
are used to measure depths at the selected verticals. However, bamboo sounding
rods can be used to measure depths upto 6m. Marking on the bamboo should be
truly vertical and along the body of the bamboo.

Eco-Sounder is used to measure large depths in floods. When the length of the
sounding rods becomes insufficient to measure depths and could not be held
vertical due to high velocity. An accurate and rapid, method of measuring and
recording depths is by means of an echo sounder.

When a sounding rod or sounding line is used at least two readings are taken at
each vertical and the mean adopted for calculations. When the difference between
the two readings is more than 5% of the large value, in which case two further
readings should be taken.

If these are within 5%, they should be accepted for the measurement and the two
earlier readings discarded. If they are again different by more than 5%, no further
readings should be taken, but the average of all four should be adopted for
measurement.

When an echo-sounder is used, the average of several readings should preferably
always be taken at each point, but regular calibrations or the instrument are
required under the same conditions of salinity and temperatures of the water.



4.1.1.16 MEASUREMENT OF VELOCITY

The velocity is measured by means of cup type or propeller type current meter. The
current meter should be held in the desired position in any vertical by means of a
wading rod in case of shallow channels or by suspending it from a cable or rod
from bridge, trolley or boat in the case of deeper channels.

After a current meter is placed at a selected point in the vertical, it is permitted to
become adjusted to the current for at least a period of half a minute before the
reading of the current is started. For low velocity of 0.3 m/s or less, this time
should not be less than 2minutes. The length of time taken for each measurement
shall be not less than 120 seconds or 150 revolutions of the meter, whichever is
earlier, in order to eliminate the pulsating effect of the current.

Velocity is measured at all the selected verticals where, and at the same time,
depth is measured. Velocity is not uniformly distributed from the surface to the bed
at any vertical. It is approximately found to be maximum at 0.2 depth and
minimum at the bed level. It is also found by vertical velocity distribution (VVD)
experiments that the mean velocity occurs between 0.58d to 0.62d approximately
and is equal to 0.89 times the surface velocity at the vertical.

This is normally accepted and hence, velocities are measured at 0.6 depths by
current meter. However, experiments should also be conducted on vertical
distribution of velocity to verify the assumptions. After the depth at a vertical is
observed either by a sounding rod or Echo-sounder, the current meter is lowered to
0.6 depth to measure the mean velocity at the vertical by counting the time taken
for the current meter rotor for a number of revolutions. The greater the number of
revolutions counted the more accurate value of the velocity we get.

Sometimes it may not be possible to lower the current meter to 0.6 depth,
especially at bridge sites in high floods. In that case surface velocity is observed
and later converted to mean velocity by multiplying with the factor 0.89. Many
times the current is not normal to the discharge section and hence correction is
necessary for obliquity by measuring the angle of the current to the discharge
section. This correction must be deducted from observed mean velocities to get final
corrected velocities normal to gauge line.

4.1.1.17 CURRENT METER MEASUREMENTS BY WADING

A measuring tape or tag line is stretched across the river at right angles to the
direction of flow. The position of successive verticals used for depth and velocity are
located by horizontal measurements from a reference point on the bank. The
position of the operator is important to ensure that the operator’s body does not
affect the flow pattern at or approaching the current meter. The best position is to
stand facing one or other of the banks, downstream from the meter and at arm’s
length from it. The rod is kept vertical throughout the measurement and meter
parallel to the direction of flow.

4.1.1.18 CURRENT METER MEASUREMENTS FROM BOATS & POWER
LAUNCHES

When wading observation are not possible and a bridge in the vicinity is also not

available, depth and velocity observations are made using boat or power launch.



Depth are measured using sounding rods etc and the distance above the water
surface should be subtracted from the depth measurement and corrected depth
used for proper placing of the current meter. When the boat is correctly brought at
the vertical, it is anchored or operated in position by using a stay line cable. If the
current is too fast and a power launch is used, its speed is adjusted so that it
remains reasonably steady against the current.

When current meter observations are made, the meter must remain steady. This
implies that the boat from which the meter is suspended must also remain stable
in position. If any movement of the boat takes place, velocities recorded by the
meter will not be accurate. This is because the current meter then records
velocities of the current relative to the moving boat. These velocities are less than
the actual velocity.

Anchorages are used to keep boat stationery while launches can be made
stationery on their engine power. Sometimes in high velocities a boat even
anchored or a launch even at full speed begins to drift downstream. The drift
velocities in such cases have to be found and added to the velocity recorded from
the meter to obtain correct velocity of the current as per the following formula: -

Vp =0.064 + 0.98 Vb + 0.98 Vq
Where Vp = true velocity in meters per second

Vb = velocity in meter per second, observed at the point with the boat
drifting
Vd= drift velocity in meters per second

Drift in meters
Vd e e o e o e e
120 seconds (period of observation)

Personal safety is an important consideration in boat gauging, and velocity of flow
in relation to the power of the boat will limit the conditions under which gauging is
possible. All members of the crew should wear life jackets. There should be one
member specially assigned to the task of propelling, controlling and positioning of
the boat.

Moving Boat method is useful in the cases when:

(@) The river is too wide and the discharge measurement by conventional
method is impractical /tedious and costly.

(b) The site is very remote without the Normal facilities required by the usual
method.

(c) The facilities at the site are inundated or inaccessible during floods.

(d) The site is situated in a tidal reach where it may be necessary to observe the
discharge not only frequently but continually throughout the tidal cycle.

(e) The flow at the site is very unsteady and should be observed as quickly as
possible



4.1.1.19 CURRENT METER MEASUREMENTS FROM CABLEWAYS

Cableways are normally used when the depth of flow is too deep for wading, when
wading in a speedy current is considered dangerous or when the measuring section
is too wide to string a tag line or tape across it. The operating procedure depends
on the type of cableway, whether it is an unmanned instrument carriage controlled
from the bank by means of a winch, or a manned personnel carriage or cable car
which travels across the river to make the observations.

In the case of unmanned cableway, the operator on the bank is able to move the
current meter and sounding weight and to place the current meter at the desired
point in the river by means of distance and depth counters on the winch. The
electrical pulses from the current meter are returned through a coaxial suspension
cable and registered on a revolution counter.

The manned cableway is provided with a support for a gauging reel, a guide pulley
for the suspension cable and a protector for reading the vertical angle of the
suspension cable. The procedure involved is as follows:

(a) Identify and record the water edge (RB or LB) in relation to a permanent
initial point on the bank by means of a tag line or by the use of painted
marks on the track cable, used for spacing the observation verticals.

(b) Lower the current meter at the first vertical until the bottom of the weight
just touches the water surface and set the depth counter to zero.

(c) Lower the current meter assembly until the weight touches the bed, read the
counter and record as depth.

(d) Raise the meter back to the surface and place the meter axis at the water
surface and zero the depth counter again. Calculate 0.6 D etc. and lower the
meter to the required position.

() When river is speedy and deep and the suspension cable suffers drag,
measure the angle that the meter suspension makes with the vertical using
a protector, as a basis for correcting the soundings to obtain the correct
depth.

(f) Measure the velocity at the selected depths in the verticals.

(g) Raise the current meter occasionally for inspecting floating debris or weed in
the river for cleaning the current meter.

4.1.1.20 CURRENT METER MEASUREMENTS FROM BRIDGES

When a river cannot be waded, suitable bridges may be used for current meter
measurements. The advantage of this is that in this there is saving in initial cost of
erecting a cable way or purchase boats etc. Its site is accessible at all times of the
year. During heavy flow, rivers which spill enormously over miles beyond the banks
pose a difficult problem in stream gauging than a bridge under such conditions
provide excellent site for gauging where all the river discharge is confined and flows
only through the bridge openings.



At the same time, it also has dis-advantages like-usually ideal conditions will not
be obtained at bridge site for stream gauging. The bridge may not be normal to the
flow; bridge piers offer obstructions and may cause non-uniform and turbulent flow
to occur which is unfavourable if accurate discharge observations are to be made.

When current meter is lowered from the downstream of the bridge (which is more
convenient) unseen floating debris might get entangled with the current meter. On
the other hand, if the upstream of the bridge is used the drag causes the current
meter to be hidden under the bridge deck. As such, measurements are usually
made from the downstream parapet and not from the upstream side of the bridge.
By lowering the rod twice, first till base plate touches surface of water and then till
bed, depth of water in the river is calculated.

For road bridges care must be taken to ensure that road traffic does not endanger
the gauging team or other road users. For higher bridges and for greater depths,
the current meter and weight are suspended on a cable controlled by gauging reel
mounted on a bridge derrick or bridge outfit.

Wet Line & Dry Line Corrections are used when suspending the current meter in
deep water, as it is carried downstream before the weight touches the bottom. The
length of cable paid out is more than the true depth. In order to obtain the
corrected depth, dry line and wet line corrections, which are function of vertical
angle a, are applied to the observed depth, where the angle a is measured by a
fixed protector.

WET LINE CORRECTION

When measurements are made by suspending the current meter in deep swift
water, it is carried downstream before the weight touches the bottom . The length
of cable paid out is more than the true depth. In order to obtain the corrected
depth, dry air line and wet line corrections, which are functions of the vertical angle
p, are applied to the observed depth, where the angle p is measured by a fixed
protractor.

The recommended routine procedure is as follows:

(a) Measure the vertical distance from the guide pulley on the gauging reel to
the water surface using the reel counter. This is (ab) the "air-line" depth.

(b) Place the bottom of the weight at the water surface and set the depth
counter on the gauging reel to read zero.

(c) Lower the weight to the bed. Read the sounded depth (ce) and the vertical
angle of the cable on the protractor.

(d) The air-line correction (cd) is air-line depth (ab) * (sec p - 1).

(e) Calculate the wet line length as (sounded depth - air line correction) (de = ce
- cd)

(f) The wet line correction for given angle p is shown in Table below. The
correction is applied to wet line depth.



Vertical Correction Vertical Angle Correction

Angle (%) (%)
4" (0.07 rad) i 18" {031 rad) 1 B4
6" {0.10 rad) 0.1 207 (035 rad) 2.04
8" (0.14 rad) 0.3 22" (0.38 rad) 2.48
10" (0.17 raa) 0.5 24" (042 rad) 2.96
12" (021 raq) 07 26" (0.45 rad) 3.50
14° (024 rad) 09 28" (048 rad) 408
167 (028 rad) 12 30" (052 rad) 472

Note: Wetline depth minus wet line correction is true depth of water.

Apex of verical angle
in sounding line

.......... Water surface

Figure 19: Wetline Correction

4.1.1.21 LIMITATIONS AND PRECAUTIONS IN CURRENT METER
OBSERVATIONS

(@) The current meter should not be used beyond the range of velocity for which
it has been calibrated.



(b) Errors may arise if the flow is unsteady and if material in suspension
interferes with the rotation of the current meter.

(c) If the flow is unsteady, the time for the observation of velocity should be as
short as possible otherwise, it will lead to a corresponding decrease in
accuracy.

(d) The distance of the axis of the current meter from the side or the bed of the
channel shall be not less than 0.75 times the diameter of the propeller or
0.2m, whichever is greater. The distance of the current meter from the side
of the boat should, in no case, be less than the distance between the gauging
section and the upstream end of the boat.

(e) For depth of water less than one meter, the current meter observation may
be made with the help of wading rods, wherever the velocity of flow would
permit such measurement.

(f) Usually, current meter is calibrated in laboratory by dragging it in still
water, but it is used in flowing water with turbulence. This introduces
certain amount of error, which, however, may be ignored.

(g) If the flow is oblique the angle between the direction of the flow and the
section line is measured by a float attached to cotton or nylon cord and a
protractor/sextant. The component of the velocity normal to the section line
is obtained by multiplying the observed velocity by the sine of this angle. For
ready use and computation, a modified velocity table is prepared and used
during the observation.

(h) If the boat or motor launch drifts during the discharge observation, the drift
should be measured carefully and correction to the observed velocity should
be made.

The assumption that the mean velocity is given by measurement at 0.6 depth or by taking
mean of the velocities observed at 0.2 and 0.8 depths is based on a parabolic velocity
distribution. This is not always correct. This assumption needs to be verified occasionally
by the velocity distribution method and a suitable coefficient applied, if necessary.

COMPUTATION OF DISCHARGE

The river section is divided into a number of compartments depending upon the
degree of accuracy required. The width and mean depth of each compartment is
measured to determine its cross-sectional area. The mean velocity in the
compartment is measured by a water current meter.

The discharge through each compartment is the product of its cross-sectional area
and mean velocity. There are numerous methods of calculating discharge. The one
followed by CWC is the “Mid-Section Method”. In this method the depths and the
velocities observed at all the verticals are first multiplied and such products
summed up and finally multiplied by the common width of the segments. It is given
as follows: -

DEPTH VELOCITY INTEGRATION METHOD (MID-SECTION METHOD)

The discharge in the stream is calculated by the summation



Qm = Y di bi vi
Where Qm = Calculated Discharge
bi = Width of ith Segment
di = Depth of ith Segment

vi = Mean Velocity in ith Segment
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COMPUTATION OF DISCHARGE FROM CURRENT METER MEASUREMENTS
DEPTH VELOCITY INTEGRATION METHOD

Arithmetical Method (Mean-Section method)

q (Segment) = (V1+V2)/2 x (d1 +d2)/2x b
WhereV1 = mean velocity at segment 1
— V2 = Mean velocity at segment 2

d1 = depth at segment 1
d2 = depth at segment 2

b = horizontal distance between the two segments



The total discharge is obtained by adding the discharge from each segment.

4.2 AREA-VELOCITY METHOD USING FLOAT
4.2.1 SCOPE

During very high floods it may not be possible to venture into the river by boat to
observe velocities by current meters. In such circumstances, it is advisable to
follow the float observations. The methods of float (surface) observations is
designed and have to be adopted as the regular method for daily observations for
those sites which are not too wide and where the current meter observations
cannot be taken for want of powered navigational equipment, not possible to
venture into the river due to high flood, etc.

4.2.2 Type of float

In view of the difficulty in recovery of floats, the floats should be inexpensive and
made of the locally available material like jungle wood, bamboo etc., in high floods,
floating debris in the river may be used as a float
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4.2.3 NO. OF FLOATS

The number of floats will depend on the width of the river and the convenience of
observations and shall vary from 8 to 15 inclusive of the two floats to be thrown 5
to 10 M away from the water edge on either side of the river. Keeping the end floats
comparatively nearer to water edges is very essential.

4.2.4 FLOAT RUN

The float run shall start from 100m upstream of the station gauge and shall end
100m downstream of the station gauge. The distance could be reduced if there are
practical difficulties of keeping this distance as 200m. But in any case the
minimum distance between the upper and lower sections should be such that
duration of float movement is not less than 40 seconds.

For marking the float run, wooden poles or flags should be erected along both the
upper and lower section lines of the float run on both the banks. The float shall be
released from a boat or thrown from a bank at a minimum of 15m to 20m above
the upper cross-section so that the float attains the velocity of the flow before



reaching the upper cross-section. In case of those sites where railway bridges are
available, the floats could be thrown from such bridges.

4.2.5 MEASUREMENT OF VELOCITY

For the purpose of discharge calculations, the position of float on the station gauge
has to be known. The path of the float shall be determined by angular
measurement from a known reference point when the float passes the upper and
lower cross section lines. This can be achieved by any of the following two semi
graphical methods, which involve the use of compass or Theodolite on one of the
banks.

Method-I: In this method the Theodolite or the prismatic compass is kept on bank
at a convenient location on the station gauge line. In case of Theodolite,
the zero angle should be made to coincide with the station gauge line,
and in case of prismatic compass the bearing of the station gauge line
should be noted. The moment the float is released, the Theodolite or the
prismatic compass is brought in line with the float and the float is
followed. The moment the float crosses the upper/upstream line, a
person stationed there gives a whistle. The angle that is recorded by the
instrument with the station gauge line section is noted.

The float is continued to be followed till it again crosses the lower/
downstream line when another whistle is given by another person
standing along that section. This angle with the station gauge line is also
noted. This is repeated for each float. A sketch is then prepared showing
the upper and the lower section lines as well as the station gauge and
the location of the instrument. The angles observed by the instrument
are then plotted as shown inFigure-20 and the points “A” and “B” at
which the float has crossed the upper and the lower cross-sections are
thus obtained. The points “A” and “B” are joined to intersect the station
gauge at “C”. The location of “C” gives the RD at which the velocity
indicated by the float is applicable. The location of water edges shall be
obtained by actual measurement.
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Figure 20: Angular Measurement using Theodolite

Method II: In this method, the theodolite or the prismatic compass is kept on a
bank at a convenient point either upstream or downstream of the
station gauge line, say at a distance of about 100 to 200 m from the
point where the instrument has been kept, a line perpendicular to the
station gauge line is set out and the bearing noted in case of prismatic
compass and in case of theodolite, the zero angle made same as this
perpendicular line.

The float is followed by the instrument as in case of Method 1. However,
an extra person is required at the station gauge line to give signal when
the float crosses the station gauge section. The angle to be measured by
the observer shall only be one angle i.e., at the time the float crosses
the station gauge line. No angles needed to be measured when the float
crosses the upstream or downstream section. Then as shown in
Figurel8 above, a sketch is prepared to show the location of station
gauge line and the position of the instrument.

The angles measured by the instrument with respect of the
perpendicular to the station gauge line are plotted so as to give the
points “A” “B”, “C” etc., on the station gauge giving the RD at which the
float has crossed the station gauge section. The water edges are in this
case also measured by actual measurement. The time at which the float
crosses the upper and lower cross-section lines shall be noted. This
shall be repeated with the floats at various positions along the width of
the river from one bank to the other. The velocity (surface) of flow of
water shall be determined by dividing the distance between the upper
and lower cross section by the time taken. This gives the velocity of the
float normal to the station gauge section at the RD at which it has
crossed the station gauge.



4.2.6 DEPTH MEASUREMENTS

The RDs depth shall be taken from the latest available cross section for the station
gauge line. By cross-section here means the plot of the underwater portion based
on the actual depths.

4.2.7 METHOD OF CALCULATIONS

The RDs at which the velocities have been observed are first marked on a straight
line drawn to scale on a graph sheet representing the station gauge line cross
section. The corresponding velocities are then plotted normal to this line to a
convenient scale and these values are then joined to form a horizontal velocity
distribution curve across the station gauge line. The depths at various RDs (at
equal intervals) are determined from the cross sections. The velocities at these RDs
are obtained from the velocity distribution curve mentioned above. Knowing the
velocity and depth, the discharge could be worked out as in case of current meter
observations.

4.3 DISCHARGE ESTIMATION BY AREA-SLOPE METHOD

In this method, discharge is worked out by multiplying cross-sectional area by
average velocity of the whole stream which is found indirectly, using one of the
open channel flow formulae. The method lacks accuracy since both, area as well as
velocity, can be determined only approximately. Generally, area of cross-section
measured during dry weather season has to be adopted in computation of flood
discharge. However, there may be some differences in dry weather and flood
sections of a river unless the bed is rocky. In alluvial rivers variation in section in
narrow reaches can be considerable.

Assessment of the proper value of the coefficient in an open channel flow is another
limitation in this method. Similarly, accurate data of river slope may not many
times precisely available. Due to these limitations discharge estimated by Area-
Slope method can at best be approximate and cannot be accepted at par with
discharge measured by current-meter observations. When width of the river is more
than 60m, it is necessary that gauges on both the banks be installed and the mean
gauge value is used in slope calculations.

4.3.1 AREA

It is desirable to observe the flood sections for calculating the cross-section area
but in case, if it is not possible then area of cross-section measured during dry
weather season has to be adopted for computation of flood discharge. In such cases
it is likely that changes which have occurred in river bed in the intervening period
might affect the result.

4.3.2 VELOCITY

The velocity is deduced indirectly by observing the slope of water surface and using
Manning’s formula:

V= (1/ n) (R2/3 S1/2) m/sec



Where

V= Velocity in meter/sec

R

(Wetted Perimeter is some time taken as water width itself for

Hydraulic mean radius = A/P (Area of the Discharge
Section/Wetted perimeter of the discharge section).

simplicity)

S

4.4 DISCHARGE ESTIMATION FROM STAGE-DISCHARGE RELATION

When it is not possible to observe discharge daily on considerations of expenditure
or during flood stages, discharges are computed from a stage discharge curve
(Rating curve) developed on the basis of stage discharge data earlier observed.

The rating curve should be prepared from actual observations spread over the
whole range of flow at the site. Where it is not possible to observe the discharge in
extraordinary high floods the rating curve is extrapolated for estimation of the high
flood discharge. The method normally used in the field is to plot the rating curve on

Slope of water surface per meter.(It is calculated by observing
the gauge readings of the U/s Section and D/s section)

Rugosity Co-efficient.(This should be based on the actual value
determined previously by Area-Velocity method for the same

Water level).

a log-log paper and then extrapolation of it for the high stage required.
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Figure 21: Typical Stage Discharge Curve

4.5 SPECIAL METHODS OF DISCHARGE MEASUREMENT

4.5.1 DISCHARGE MEASUREMENT USING ADCP

In recent years, advancement in technology has allowed us to make discharge
measurements by use of an Acoustic Doppler Current Profiler (ADCP). An ADCP



uses the principles of the Doppler Effect to measure the velocity of water. The
Doppler Effect is the phenomenon we experience when passed by a car or train that
is sounding its horn. As the car or train passes, the sound of the horn seems to
drop in frequency.

The ADCP uses the Doppler Effect to determine water velocity by sending a sound
pulse into the water and measuring the change in frequency of that sound pulse
reflected back to the ADCP by sediment or other particulates being transported in
the water. Due to the Doppler Effect, sound waves bounced back from a particle
moving away from the profiler have a slightly lowered frequency when they return.

Particles moving toward the instrument send back higher frequency waves. The
difference in frequency between the waves the profiler sends out and the waves it
receives is called the Doppler shift. The change in frequency, or Doppler Shift, that
is measured by the ADCP is translated into water velocity. Sound waves that hit
particles far from the profiler take longer to come back than waves that strike close
by measuring the time it takes for the waves to bounce back and the Doppler shift,
the profiler can measure current speed at many different depths with each series of
pulses.

Figure 22: ADCP (Courtesy: B&BBO, CWC)



Particles moving toward the instrument send back higher frequency waves. The
difference in frequency between the waves the profiler sends out and the waves it
receives is called the Doppler shift. The change in frequency, or Doppler Shift, that
is measured by the ADCP is translated into water velocity. Sound waves that hit
particles far from the profiler take longer to come back than waves that strike close
by measuring the time it takes for the waves to bounce back and the Doppler shift,
the profiler can measure current speed at many different depths with each series of
pulses.

The sound is transmitted into the water from a transducer to the bottom of the
river and receives return signals throughout the entire depth. The ADCP also uses
acoustics to measure water depth by measuring the travel time of a pulse of sound
to reach the river bottom and back to the ADCP.

To make the discharge measurement, the ADCP is mounted onto a boat with its
acoustic beams directed into the water from the water surface. The ADCP is then
guided across the surface of the river to obtain measurements of velocity and depth
across the channel. The river-bottom tracking capability of the ADCP acoustic
beams or a Global Positioning System (GPS) is used to track the progress of the
ADCP across the channel and provide channel-width measurements.

Using the depth and width measurements for calculating the area and the velocity
measurements, the discharge is computed by the ADCP using discharge = area x
velocity, similar to the conventional current-meter method.

The ADCP has proven to be beneficial to stream gauging in several ways. The use of
ADCPs has reduced the time it takes to make a discharge measurement. The ADCP
allows discharge measurements to be made in some flooding conditions that were
not previously possible. The ADCP provides a detailed profile of water velocity and
direction for the majority of a cross section instead of just at point locations with a
mechanical current meter; this improves the discharge measurement accuracy.

A number of ADCP’s of RDI make has been deployed at many of the CWC
Hydrological Observation stations. The models presently in use are RDI Workhorse
and the more recent one called River Ray. The Workhorse model is to be fixed on an
OBE propelled boat with some anchoring arrangement, whereas the River Ray
which consists of trimaran has to be towed with help of the boat and
communication between the laptop and ADCP can be done using Bluetooth.

Figure 23: Rio Grande Work Horse ADCP



4.5.1.1 SALIENT FEATURES OF RIO GRANDE WORK HORSE ADCP

The Rio Grande Work Horse ADCP has several operating modes, which can be
selected via the laptop. The selection of the most appropriate operating mode is
dependent on site conditions. The selection of operating modes is referred to briefly
in the following paragraphs. However, for detail the users should refer to the
manufacturer’s user manual.

The Work Horse 600 kHz and 1200 kHz, has four operating modes i.e. modes 1, 4,
S and 8. A comparison of these different operating modes which has been taken
from the manufacturer’s user manual is contained in Table.1
The major site constraint on the use of the ADCP is the channel depth

(a) Operating mode 1 only functions in depths greater than 1.0 m;
(b) Operating mode 4 only functions in depths greater than 3 m;

(c) Operating mode S only functions in depths greater than 1.25 m;
(d) Operating mode 8 only operates in depths greater than 0.8 m

Table 1: User manual for different operating modes for Work Horse

Mode 1 Mode 4 | Mode 5 Mode 8

Minimum 0.10 m 0.25m |0.10m 0.10 m

recommended cell 0.20m 0.50m |0.20m 0.20m

size

Single ping standard | 0.6 m/s 0.13 0.01 m/s 0.15m/s

Deviation (min. cell 0.5m/s m/s 0.01 m/s(at 0.1 m/s(at 1.0 m/s

size) 0.13 0.5 m/s flow | flow velocity)

m/s velocity)

Minimum depth of 1.0m 2.5m 20m 1.0m

water 1.20m 3.0m 20m 1.0m

Maximum range

(Mode 5&8 for <50 20m 20m 4m 4m

cm/s flow velocity ) S0 m 60 m 8 m 8m

Maximum relative 10 m/s 10m/s | 1m/s 1m/s

velocity 10 m/s 10m/s | 1m/s 2m/s

Typical application Very fast water of | General | Slow, shallow | Shallow streams
all depths. Rough | purpose | water with with velocities < 2
and dynamic | for most | low shear and | m/s and with high
situations. Good | streams | turbulence shear (rough bed
in streams too | more conditions and /or turbulence.
fast or deep for | than 3 Works where mode
modes 5 & 8, and | m deep S does not work

not deep enough
or too rough for
mode 4

well).

i) Maximum range depends on water temperature and depth cell size. Use
BBSETUP to compute the maximum range for a particular ADCP set-up
and water temperature. The standard deviation of modes 5 & 8 varies with
water velocity, boat speed, bed form roughness, channel depth and




turbulence. Reference should be made to the ADCP for further discussion
on these modes.

ii) The Figures in normal type are for the 1200 kHz system and those in
italics for the 600 kHz system.

iii)Table showing comparison of performance of RDI 1200 kHz and 600 kHz
ADCPs, both with transducers at 0.25 m deep & blank set to 0.30

However, it is recommended that the effective depth should be greater than 1.5 m
for at least 95% of the cross-section.

NOTE: The depth is actually the effective depth i.e. the position from the
transducers to the bed of the river. Therefore, if the transducers are positioned 0.3
m below the surface, then an actual depth of 1.5 + 0.3 m = 1.8 m is required.
Another major site consideration is flow velocity:

(a) Mode 8 can accurately measure flow velocities greater than 0.06 m/s.

(b) Modes 1 & 4 can measure velocities up to 10 m/s;

(c) Modes 5 and 8 can only measure velocities up to 1 and 2 m/s respectively;

(d) The uncertainties in Mode 1 velocity readings are significantly higher than
other modes.

Table 2: Velocity and Depth Constraints

Velocity - v (m/s)

0.06 >v > 0.05>v> |[1.0>v> 20>v> 10 >v >
Depth (m) |v < 0.04 0.04 0.06 0.05 1.0 2.0
<1.0 none none none none none none
1<d<1.5 none none mode 8 mode 8 mode 1 mode 1
1.5<d<
3.0 * mode 5 mode 5 mode 5 mode 1 mode 1
3.0<d<
4.0 * mode 5 mode 5 mode 4 mode 4 mode 4
D >4.0 none none none mode 4 mode 4 mode 4

* Minimum water velocity in mode 5 at these depths has not been ascertained

4.5.1.2 DEPLOYMENT OF ADCP

The ADCP should be deployed from an outboard motor propelled boat, which has
been specially adapted for the task. The boat should be of a shallow draft type,
preferably not greater than 0.5 m when laden with the equipment and the required
number of operatives. Also, the boat should be relatively flat bottomed, stable and
easily manoeuvred.

The ADCP should be fixed to the boat by means of a mounting arrangement. It
should be possible to fit the mounting arrangement to any boat. This arrangement
should be such that the ADCP transducers can be raised and lowered to different



positions below the water surface in 0.1 m increments from 0.1 to 1.0 m. A rigging
facility is required to prevent the ADCP to lean back during (fast) sailing. The
rigging should be such that when the ADCP impacts with anything solid it can give
way and swivel to the surface. An adequate shelter should be provided on the boat
to protect the operator and laptop PC from sun and rain. A rigid working table
should be provided on which to place the laptop PC and field data forms. However
the latest model of ADCP’s are mounted on floating trimaran, which are towed by
the Outboard motor propelled boat using strong and flexible synthetic rope which
is anchored to the boat. In such type of ADCP’s on trimaran the communication
between the laptop and the ADCP is carried out using Bluetooth connectivity.

ADCPs can be deployed in self-contained and real-time mode. The latter is
preferred since anomalies and problems with the data being collected can be
spotted immediately by means of the laptop. In some situations, it might be
necessary to operate the equipment in self-contained mode, i.e. without a laptop PC
connected but recording data in internal memory. The ADCP should be fitted with
such memory then. A PC is required anyway to set-up the ADCP before and to
retrieve the collected data after the deployment.

4.5.1.3 OPERATING SET-UP

Prior to commencing a measurement various set up parameters must entered into
the ADCP via the PC lap top and deck box. The appropriate operating mode must
be selected. Certain deployment parameters can be set within each operating model
Bin size (size of each depth cell measured) Blanking distance ADCP depth (depth of
transducers below the surface).

The time between “pings ” can also be set-up. Experience has shown that if the
time is set to continuous (the default setting) interference can possibly occur
between consecutive sets of pings. The manufacturers have therefore recommended
that the time be set to a small amount, say 0.025 milli-seconds. Even though the
third point above is set when the ADCP is bolted onto the boat but is not required
in case of latest models installed on trimaran. The bin, blanking and transducer
depth depend on the water depth and channel conditions. No data is collected less
than one bin from the bottom. No data is collected less than the sum of all three
parameters from the water surface. Water velocities in these upper and lower
regions of the profile are estimated. The literature on the ADCP states that a
minimum of two depth cells must produce good velocity data to give accurate flow
measurements.

There are certain rules to note:

(a) Always ensure that the depth specified in the deployment file is the depth at
which the transducers are set (ignore for trimaran installed ADCP);

(b) Never use a blank of less than 0.2 m. It has shown that this will result in
erroneous velocities being recorded in the top bin;

() In turbulent or high velocities ensure that the transducer depth is sufficient
to be below the level of aeration (at least 0.3 m); and in case of trimaran the
ADCP should not jump above the river surface in air.

(d) When reading the data make sure the configuration file has the same
parameter values as the deployment file;



() Make a note of the width of the channel between the end of the ADCP
traverse and the bank. If this distance is significantly large relative to the
overall width it can be used to adjust the calculated flow. This should not be
a problem if the site is carefully selected i.e. avoid shallow water.

Table 3: Settings appropriate for an RDI

Transducer
Channel conditions Mode Bin (m) Blank (m) depth
Low Velocity
shallow channel S 0.1 0.2 0.1
Shallow channel 8 0.1 0.2 0.1
Shallow channels,
high velocities 1 0.1 0.2 0.3
5(v<2.0
Channels 1.5 -3.0 m/s) 0.1 0.2 0.2
1(v<2.0
Channels>3.0 m/s) 0.1 0.2 0.3
0.5(<10 m) 0.5 0.5
Channels>3.0 deep 4 1.0(>10 m) 0.5 0.5

4.5.1.4 MEASUREMENT RUNS

Once the ADCP has been set-up the measurement of traverses can be commenced.
When in real-time mode the run can start immediately. However, operating the
ADCP in self-contained (remote) mode the cable from the laptop to the ADCP has to
be disconnected prior to starting in case of Rio Grande Work Horse. A dummy
connector has to be placed on the ADCP plug socket to avoid damage of the
electrical contacts by water and dirt.

Even though the boat can traverse the river following an irregular path it is
recommended that as much as possible the boat traverses the river at right angles
to the flow / banks. The boat speed should be as slow as reasonably possible while
at the same time being sufficient to maintain a steady, smooth on-line course. The
course should be kept stable and, if needed, only gradual changes are permitted.
This speed should be low enough to take at least several minutes to complete a full
traverse. On wide channels the speed over the ground may be increased to about
the average flow velocity.

It is recommended that at least four traverses are made i.e. across and back twice
and the calculated discharges compared for consistency and repeatability for each
run. If bottom-tracking errors occurred in any calculated discharge or the
calculated discharge deviates by more than 5% from the average of the calculated
discharges, the traverse should be set apart and another 2 traverses should be
made. For the estimation of the discharge, the unmeasured flow should be
estimated by the provided software; the observer should enter his estimates for the
distance to the start and end banks. Both the top and bottom layers should be
automatically extrapolated by software applying the standard power fit method.




It is recommended that the boat pauses (remains stationary while collecting data)
in a fixed position at the start and end of each traverse for a period of 30 - 60
seconds since this can assist with the final interpretation and processing of the
data. The start and stop of movement should be extremely gradual to avoid bottom-
tracking failure.

4.5.2 COLOUR VELOCITY METHOD/ RADIO-TRACER

There are other methods also in vague with a limited field of application under
special circumstances. Their use is not recommended when more reliable method
like area-velocity method with a current meter is possible. It is therefore used only
for approximate estimation and is economically feasible in case of very small
streams. In this method, discharge is computed from observed area of cross-section
and velocity measured by using a suitable colouring matter. Fluorscein, a red
powder, when dissolved in slightly alkaline water produces an easily
distinguishable greenish colour even if in very dilute solution. Any other red or
green aniline dye can also be used. Can of the colouring matter is quickly emptied
and exact time of travel of the cloud of the dye to a downstream station on the
stream is measured by a stop watch. Distance between the point of introduction of
the dye and its detection should be sufficiently long depending on the velocity of
the water since longer time of travel would yield greater accuracy in observation.
Distance travelled divided by the time of travel gives the average velocity of the
current.

4.6 RECORD OF DISCHARGE

For proper maintenance and recording the discharge values, the standard river
data forms (RD Forms) RD-1 & RD-2 are used. RD-1 form is used for recording
daily discharge observations at 8:00 hrs. RD-2 form is being used for the summary
record of observed discharge for 10 daily.

Depending upon the IT resources available at the site, the RD forms shall be
uploaded on eSWIS immediately. Otherwise, not later than one month, at the Sub-
division / Division office, the recorded gauge & discharge in the RD forms should
be entered into the e-SWIS online data entry system for storage, retrieval and
dissemination purposes and further processing for preparing year books etc.



CHAPTER 5

SUSPENDED SEDIMENT OBSERVATION AND ANALYSIS

5.1 Introduction

Knowledge of sediment passing in a stream is essential in the solution of variety of
problems associated with flow in rivers. Existing theories and empirical formulae
for computation of transport give values that are un-verified for areas for which
they have to be applied. These can be continued where specific data for verification
is not available, due to various constraints. Actual data gathering help in better
verification, and lead to better problem solving and designs of water use facilities.

The quantity of sediment passing a section can be determined either directly or
indirectly. The direct method aims at determining the weight or volume of sediment
passing a section in a period of time. Indirect methods aim at measuring the
concentration of sediment flowing in the moving water. This approach needs the
measurement of sediment concentrations, the cross sections areas and velocities.

This will also need looking at the sediment being transported as wash load, and
bed load. Bed load measurement, though very important for unstable river
channels, may not have much relevance for peninsular rivers. The use of empirical
methods for bed load estimation may remain within desired accuracy ranges.

Observation of suspended particle load is alongside discharge measurements are
economically justified in terms of extra financial and manpower requirements.
Important information needed in respect of sediment is particle size distributions
for design of sediment exclusion arrangements etc,

Briefly, the objectives of sediment measurements are listed below:

(a) Estimation of sediment inflow into reservoirs at the planning and design
stage - by estimating the suspended load and bed loads separately.

(b) Studies for river training and river regimes — data may have to be gathered
by mounting intensive gathering drill for short periods

(c) Evaluation of catchment erosion and identifying conservation measure.

(d) Estimation of regime widths and scour depths for barrages bridges from
bed material analysis

DEFINITIONS

e SEDIMENT TRANSPORT: Movement of solids transported in any way by a
flowing liquid. It is the sum of the suspended load transported and the bed
load transported.

e TOTAL LOAD: the total load comprises bed load and suspended load, the
latter including wash load.



e« BED MATERIAL: Material, the particles of which are found in appreciable
quantities in that part of the bed affected by transport.

e BED MATERIAL LOAD: Part of the total sediment transported which
consists of the bed material and whose rate of movement is governed by the
transporting capacity of the channel.

e SUSPENDED LOAD: That part of the total sediment transported which is
maintained in suspension by turbulence in the flowing water for

considerable periods of time without contact with the stream bed. It moves
with practically the same velocity as that of the flowing water. It is generally

expressed in mass or volume per unit of time.

— Dissolved Load

—— Suspended Load

~ — Bed Load

¢ BED LOAD: Sediment in almost continuous contact with the bed, carried
forward by rolling, sliding or hopping.

e WASH LOAD: The part of the suspended load that is composed of particle
sizes smaller than those found in appreciable quantities in the bed
material. It is near permanent suspension and, therefore, is transported
through the stream without deposition. The discharge of the wash load
through a reach depends only on the rate with which the particles
become available in the catchment and not to the transport capacity of
the flow. It is generally expressed in mass or volume of the suspension.

Thus Sediment is fragmented material derived from the physical and chemical
disintegration of rocks present on earth’s crust. Such particles may range from



boulders to particles of colloidal sizes. Their shapes, influenced by constituent
minerals, may range from angular to round.

Once particles are detached from their resting-place they may be transported by
gravity, wind, water or by a combination of these agents. Where the transporting
agent is water the transported material is “Fluvial sediment™ and the process of
detaching the particles and setting them in motion is called “Erosion®.

Erosion may be sheet erosion where the finer grains are detached and moved by
rain drops, splash and sheet flow. Further transport is in water flowing in
channels. Due to topography of the catchment, sheet flow does not occur
continuously over large areas, but quickly concentrates into small rills or channels
and streams, which grow in size as each joins the other. Within the channels the
flowing water erodes the material in the bank or in the bed till the stream is
“loaded".

EFFECTS OF SEDIMENT IN RIVERS

(a) Land erosion

(b) Floods and meandering

(c) Degradation, aggradations and local scour
(d) Silting of reservoirs

(e) Navigation obstructions

(f) Hydro Power plant operation

SITE SELECTION CRITERIA FOR SEDIMENT SITES

(a) The measuring site should be in the middle of a channel stretch that should
be straight over a distance at least 6 times the width at bank full flow and be
of uniform cross section and slope.

(b) In stable channels (poised alluvial bed or rock substratum) flow directions
for all points on any vertical across the width should be as much as possible
parallel to one another and at right angles to the measurement section and
this at all stages.

(c) In large alluvial sand bed rivers with formation of migrating shoals, the
cross-section for gauging flow and sediment should be adapted continuously
to the changing morphology, possibly also during the flood hydrograph.

(d) The bed and margins of the channels should be stable and well defined at all
stages of flow.

(e) The curves of the distribution of velocities over depth and width should be
regular (in the vertical and horizontal planes of measurement.

(f) Conditions at the section and in its vicinity should also be such as to
preclude changes taking place in the velocity distribution during the period
of measurement.

(g) Sites displaying vortices, reverse flow or dead water should be avoided,
especially when associated with structures in the streambed or with bed
rock outcrops.



(h) The measurement section should be clearly visible across its width and
unobstructed by trees, aquatic growth or other obstacles.

(i) The depth of water at the section should be sufficient at all stages to provide
for the effective immersion of the instruments, whichever is to be used.

(j) The site should have easy access at all times, for all necessary measurement
equipment.

(k) The section should be sited away from pumps, sluices and outfalls, if their
operation during a measurement is likely to create flow conditions not
enough close to uniform flow.

() Sites should be avoided where there is converging or diverging flow.

(m)In those instances where it is necessary to make measurements in the
vicinity of a bridge, it is preferable that the measuring site be upstream of
the bridge. Although in special cases and where accumulation of logs or
debris is liable to occur it is acceptable for the flow-measuring site be
downstream of the bridge, sediment should preferably be sampled at another
location. Particular care should be taken in determining the velocity
distribution when bridge apertures are surcharged.

(n) It may, at certain states of river flow or level, prove necessary to carry out
sediment measurements on sections other than that selected for the station.
This is quite acceptable if there are no substantial ungauged flow and
sediment losses or gains to the river in the intervening reach and so long as
all measurements are related to levels recorded at the principal reference
section

TYPE OF SAMPLER
e Bottle type sampler (e.g. Punjab sampler)

To be used only if suspended sediment does not contain significant
proportions of medium and coarse fractions.

o Light-weight streamlined, fixed-volume point sampler or
depth-integrated sampler (e.g. US DH-48)



To be used when suspended sediment contains more than 5 %
medium + coarse fractions and when the sediment concentration of
the sample is higher than 100 g/m?.

e Heavy-weight streamlined, fixed-volume point sampler or
depth-integrated sampler (e.g. US P- 61 or US P-63)

To be used when suspended sediment contains more than 5 %
medium + coarse fractions and when the sediment concentration of
the sample is higher than 100 g/m?.

5.2 SUSPENDED SEDIMENT SAMPLING METHOD
SINGLE VERTICAL SAMPLING

e Objective: to obtain a sample that represents the mean discharge-weighted
suspended - sediment concentration in the vertical being sampled at the
time of sample collection.

e Method: depending on flow conditions and Particle size of suspended
sediment transported, four types of situations can be distinguished

e Low velocity (v< 0.5 m/s)
= At these velocities, little or no sand would be in suspension,

and distribution of the sediment is relatively uniform over the
cross-section. In shallow streams, the sample may be collected
by submerging by hand an open-mouth bottle into the stream.
The bottle should be filled by moving it from the surface to the
streambed and back, or at 0.6 of the depth. If the stream is not
wadable, use weighted bottle type sampler. The samples are
not discharge-weighted.



e High velocity (0.5 m/s =v < 3.5 m/s), depth = 4.5 m

Use standard depth-integrating samplers. The transit rate used
during raising has to be different from the one used in
lowering, but both rates must be constant in order to obtain a
velocity or discharge-weighted sample. For streams that
transport heavy loads of sand, at least two complete depth
integrations of the sample vertical should be made as close as
possible in time.

e High velocity (0.5 m/s =v < 3.5 m/s), depth >4.5m

It is possible to use depth-integrating samplers only with
special precautions. In principle, point integrating samplers
should be utilised.

e Very high velocities (v =3.5 m/s)

Only surface or dip sampling is recommended.

THE EQUAL-DISCHARGE-INCREMENT METHOD (EDI)

With the EDI method, samples are obtained from the centroids of equal discharge
increments. It requires some previous knowledge of the distribution of the stream
flow in the cross-section. If this is already known, the method saves time and
labour, as fewer verticals are required.

The flow distribution across the channel should therefore be determined prior to
sampling. A minimum of four and maximum of nine verticals should be used when
applying the EDI procedure. The method assumes that the sample collected at the
centroid represents the mean concentration of the subsection. The cumulative
discharge distribution is used to determine the location of the centroids (of equal
increments of discharge).

The most widely utilised principle for suspended load measurement is to determine
the concentration of sediments in river water. Samplers of different types and
makes are available on the market, but CWC uses point sampler known as Punjab
type Bottle sampler. A point-integrating sampler is equipped with a device for
opening and closing the sampler nozzle or mouth - for controlling the sampling
time. In CWC, the methods and instruments for suspended load measurements
have been kept as simple as possible:

(a) The samples are taken generally from each vertical at which the velocity

measurements are taken.

(b) The number of composite samples taken has to be as small as possible
depending upon the river characteristics and specific requirements, if any.



(c) The sampling has to be done at one level only (0.6 of the depth).
(d) Punjab type bottle sampler is used at all stations of CWC.
5.2.1 PUNJAB BOTTLE SAMPLER

The sampler is appropriate for rivers with suspended load almost exclusively
composed of wash load, with no or little coarse and medium particle size fractions.
Principal advantages, limitations of bottle samplers are as given under:

(a) Bottle samplers are very simple and easy to use; they can be appropriate for
operation in rivers containing only wash load in suspension, the coarse and
medium particle size fractions being very limited in concentration.

(b) The Punjab bottle sampler was designed in India in 1935 for slow flowing,
shallow rivers and canals, and does not work efficiently at large depths.

(c) The Punjab-type bottle sampler does not work efficiently at high velocities,
mainly due to the difficulty to keep it vertical, also when suspended or hung
from a line with a fish-weight.

(d) The water does not enter the bottle with the velocity and direction of the
surrounding stream velocity (not iso-kinetic sampling).

Figure 25: Measurement using Sediment Sampler
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Figure 26: Sketch of components of Punjab Type Bottle Silt Sampler




Fart No. Nomenclature Fart No Nomenclature
14 Vertical Side 15 Pin
1B 16 Hole (Threaded)
2 Base Plate 17 Bottle
3 Elbow Clamp 18 Pipe Extension
4 Lower Pipe Spring Cylinder 19 Half Socket
*2 Lower Clamp 20 Rod
*G Upper Clamp 21 Cork
T Semi-circular Shaped Strip 22 Spring Strong Coiled
8 Semi-circular Shaped Strip 23 Washer
9 Bolt 24 Rivet
10 Pin 25 Screws
11 Pim 26 Half Socket
12 Rectangular piece 27 Elbow Shaped Flat Plates
13 Rectangular pisce 28 Pin
14 Fly-Mut Headed Screw 29 Bolt

* for the sake of convenience details 5 and 6 have been numbered, which comprise of several amaller details which
have also been numbered.

NOTE: Part numbers are given inside circles

All dimensions are in milimeters

Figure 27: Boat mounted Silt sampler

5.2.2 INSTRUCTIONS FOR USE OF PUNJAB SAMPLER

PRECAUTIONS WHILE SAMPLING - FOR ALL THE BOTTLE SAMPLERS

(a) The sampler must be kept vertical while sampling.

(b) The mouth of the bottle must be opened only when the instrument has
reached the required depth, not earlier.

(c) The bottle should not leak; leakage would result in a catch before the
actual sampling starts.

(d) The mouth must be kept open with a sufficient water passage and for a
minimum time span so as to fill enough, though overfilling should be
avoided.

(e) The exact volume of the collected sediment sample must be measured and
recorded.



Checks before sampling:
Sampling Bottle

(a) A metallic bottle, if deformed (out of shape) or damaged (especially its
mouth) has to be replaced by a spare one.
(b) A glass bottle, if breached, has to be replaced by a spare one.

Bottle cork

(a) Must close tightly to avoid leaking.

(b) May never be painted.

(c) Damaged corks must be replaced.

(d) Cork must be suitably tapered to enter 0.5 to 1 cm in bottle mouth.

(e) Eventually, rub smoothly lower end of cork with emery paper if cork does
not enter far enough into the bottle mouth.

Bottle holder (frame)

(a) Clamps at neck and mid-portion may not be damaged and should hold
tightly the bottle with the cork seating perfectly axial in the mouth.

(b) Fly nuts for locking must operate easily; they should be replaced if they
don’t lock gently.

(c) Socket thread may not be damaged.

Pipe, rod, spring and lever

(a) Brass rod and pipe may not be bent.
(b) Spring must be checked and dead springs replaced.

Sampler leakage

(a) The sampler must be tested for possible leakage by holding it tightly
closed under water for 5 minutes and collected sample needs to be less
than 5 cc.

(b) In case of leakage, do not try to repair on the spot and use spare sampler.

During sampling, instructions and precautions
In general:

(a) The sampler must be oriented with the vertical frame perpendicular to the
flow so that it does not disturb the flow at the mouth.

(b) The time required to fill the sampling bottle must be checked by trial and
error, so that sampled volume would total between 80 and 90 % of the
bottle volume (i.e. 0.4 1 to 0.45 1 for a 0.5 1 bottle).

(c) Samples from partially or fully filled bottles must be rejected and a new
sample taken.

(d) Sampler should never touch the stream bed.

(e) The distance between sampler bottom and the streambed must always be
larger than 20 cm.

When sampling from a survey vessel:



(a) If flow permits, the survey vessel should be kept stationary to hold the
sampler Vertical.

(b) In high flows, use a hull - fitting and a line for keeping the sampler
vertical.

(c) In flows too strong for keeping the sampler vertical, drifting from the
vessel may be allowed exceptionally to reduce the drag on the sampler as
to keep it vertical, this should only be attempted if sampling can be
performed in the selected vertical. (This procedure should be first tested in
presence of the Assistant Research Officer.

When sampling while wading

(a) During sampling, keep the bottle upstream and well in front of you.
(b) Avoid sampling when the product of flow velocity (in m/s) with depth (in
m) exceeds one (1).

When sampling from a bridge

(a) The bottle sampler should not be used if it cannot be kept vertical in the
flow.

(b) When flow is too strong for measuring at 60% of the depth (0.6 d), a water
surface sample may be taken, but with the bottle mouth at least 0.5 m
under water.

(c) Operation of the bottle sampler with a fish weight should be avoided if
this is not specifically designed to contain the bottle.

(d) When operated with a suitable fish, the drift angle measured at the
protractor should not exceed 15 degrees.

After sampling, instructions and precautions

(a) Reject the sample if there is any floating debris hanging to the sampler or
trapped between bottle mouth and cork.

(b) The sample must be collected carefully, without spilling any water.

(c) The volume of the collected sample must be measured precisely before
rinsing, even if sediment remains in the bottle, to be rinsed later with
clean water.

(d) If water or sediment is spilled during collection of sample, this must be
rejected and a new sample taken.

(e) The rinsing water with its sediment must be added to the collected
sample.

5.3 SEDIMENT ANALYSIS
PREPERATORY WORK-

(a) All equipment to be used in analysis must be cleaned thoroughly
before use.

(b) Porcelain dish must be pre-weighed.

(c) Filter paper must be dried pre-weighed and kept in desiccators.

(d) 5% potash alum solution may be prepared as given under:

e Dissolve 25 gm of dry Potash Alum in 400 ml of water.
e Add 12ml of concentrated Sulphuric Acid: mix well.



e Make up the volume to 500ml with clean water.

The sediment analysis methods used for the sediment samples collected
using samplers are described below:

(a) Analysis using sieves and a hydrometer for Coarse ( C ), Medium(M) and
Fine (F) fractions

(b) Dry sieving for the medium and coarse fractions.

(c) Hydrometer analysis

The suspended loads are measured only for the percentage of coarse, medium and
fine grades. The choice of the method and equipment needed for determining
sediment particle size distributions would depend on:

(@) The kind in information requested. What do we want to know? for what
purpose?

(b)

(c) The skills of the personnel in the laboratory.

(d) The need for particle size analysis of the complete sample, or only of part
of it (e.g. do we need the size distribution of the sand/silt/clay fractions?)

(e) The number of samples to be analysed per day.

(f) The sample volumes.

(g) The kind of “size” needed.

5.3.1 ANALYSIS FOR ESTIMATION OF COARSE (PARTICLE SIZE 0.2MM DIA
AND ABOVE) AND MEDIUM GRADE (PARTICLE SIZE 0.075 TO 0.2MM
DIA) FRACTIONS

From the samples of water and sediment mixture collected in the enamelled
buckets normally about 5 litres, the same is allowed to settle for about 30 minute.
The supernatant water is carefully decanted off. The residue is passed into a
numbered beaker for further analysis of coarse and medium fractions of sediment.

Each sample in the beaker is then passed through a IS — 212 micron sieve placed
over a beaker marked upto 10 cm height. The sediment retained by the sieve is
washed thoroughly with a jet of clean water till all the coarse grade particles are
separated and particles of medium and fine-grained size have passed through, into
the beaker.

The particles retained by the sieve after washing and removing organic matter are
transferred to silt measuring tubes. Its volume in cubic centimetres (cc) is noted
after tapping on a rubber pad. This can later be expressed as cubic centimetres per
litre.

The sediment and water passing IS — 212-micron sieve collected in the beaker is
made up upto 10-cm height. The mixture is stirred in for a few seconds and
allowed to stand for the required interval of time given in table below, according to
the temperature of water in the beaker. Time taken for particles above 0.075 mm to
fall through 10 cm column of water at different temperature:



Table 4: Time taken for particles above 0.075 mm to fall through 10 cm
column of water at different temperature

Water temp. in ° |Time of fall for particles 0f0.075 mm to fall 10 cm
Celsius in seconds
5 31
6-10 28.5
11 -15 25
16 - 20 22
21 -25 20
26 - 30 18
31-35 16.5

The supernatant water is poured off. This process of separation of medium grade
sediment by decantation of supernatant liquid, followed by filling the beaker upto
the marked height is repeated, till the supernatant water is rendered clear. The
medium grade sediment settled in beaker after the final washing and decantation
process is transferred to a measuring tube and the volume is measured in cc as in
the earlier case.

The material is also washed down on to a pre-weighed filter paper, initially drained
of all water, and then subjected to drying in an oven. It is allowed to cool in
desiccators and then weighed along with the collected dried sediment for obtaining
its weight. This gives the concentration of medium fraction in gm per litre. The
concentrations together with the observed water level and discharge are put in the
“Record of suspended sediment summary data. The results are presented in metric
tonnes per day.

5.3.2 ESTIMATION OF FINE-GRAINED FRACTION OF SEDIMENT

5.3.2.1 HYDROMETER METHOD

The fine grained sediment fraction can be estimated with the help of a sensitive
calibrated hydrometer (see Figure28). A hydrometer calibrated initially in distilled
water is to be used.

The hydrometer is to be placed for about five minutes in a separate sample of
sediment and water to allow it to attain the water temperature. This helps also to
eliminate effect of temperature change due to sudden placing of the hydrometer.
The hydrometer is then taken out of the sample water. The water is stirred
vigorously to put the sediment entirely into suspension and later poured into a
double jacket metallic cylinder. The hydrometer is then immersed into the water in
the cylinder and stopwatch started simultaneously. The level of immersion of the
hydrometer in the cylinder is read after lapse of time intervals given in table below,
depending on water temperature in the cylinder
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Figure 28: Hydrometer

Table 5: A time interval after which hydrometer is to be read

Water temperature Time interval in seconds after
° Celsius which hydrometer to be read

S5 105

6-10 100

11- 15 87

16- 20 77

21-25 70

26- 30 63

31-35 58

The time interval after which hydrometer is to be read for estimating fine
sediment, versus water temperatures:

The point upto which the hydrometer is immersed can be used to derive the
concentration of fine grained material and dissolved material in gm per litre as
given below:

F+D=(RI1-R K

Where:
F = Concentration of fine sediment in gm per litre
D = Concentration of dissolved material in gm per litre
R1 = Hydrometer reading taken in the cylinder water



R = Hydrometer reading in distilled water at the same Temperature
K = Factor for the hydrometer for converting to value in gm per litre

Next filter the water containing the sediment through filter paper and take
readings of hydrometer in filtered river water for obtaining the concentration of
dissolved material as below:

Thus: D=(rl1 -1) K

Where: r1 = Hydrometer reading for the filtered water

r =Hydrometer reading in distilled water

For arriving at value of F = (F+D) — D is to be evaluated in gm per litre

PRECAUTIONS

(a) The water sample should be at room temperature.

(b) The hydrometer should be kept immersed in the water sample for about 5
minutes so that it attains the water temperature.

(c) The water sample should be thoroughly stirred before pouring into the jacket
cylinder.

(d) No air bubbles should be sticking to the hydrometer stem and hydrometer
should not touch the cylinder sides.

5.3.2.2 Filtering Process

The sample available after removing the Coarse and medium sediment is put on a
pre-weighed filter paper and the water is allowed to completely drain off through
the filter paper, which may take 12 to 24 hours depending upon the fineness of the
silt and its quantity. After the water is completely drained out, the filter paper
containing the fine sediment is put inside the oven with temperature such that the
water gets evaporated without causing damage to the filter paper.

After the sample gets completely dried up, it is removed from the oven. The dried
up sample (filter paper with fine sediment) is weighed on a physical balance or
electronic balance.

The difference between weight of the empty filter paper and filter paper with fine
sediment provides the weight of the fine sediment in gram/milligram. The same is
converted based on the discharge of the river on the particular day in metric tonnes
per day

PRECAUTIONS

(@) The empty filter paper should be completely dried before weighing.

(b) The water sample should be thoroughly stirred before pouring into the filter
paper so that no fine sediment remains stuck to the beaker or container.

() The filter paper with sediment should be completely dried up without any
traces of water on the filter paper and in the sediment.

(d) The filter paper with dried sediment should be weighed at the earliest after
removal from oven as the filter paper may absorb atmospheric moisture if
left open for a long time.

Equipment for sediment sampling at sediment laboratory is given at Annexure V
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CHAPTER 6

METEOROLOGICAL OBSERVATIONS

6.1 INTRODUCTION

The water available in our rivers, lakes, reservoirs and below the ground is received
through precipitation in various forms i.e. rain, snow, hail etc. A number of other
atmospheric factors also play an important role in precipitation and availability of
waters, both on the surface and below the ground.

A good understanding of such meteorological parameters is very important for
proper assessment of available water resources over a short or longer period and
for devising measures to overcome the extreme effects of hydrological phenomenon
such as floods and droughts. The important meteorological parameters are also
observed by CWC at selected stations. The details of observation methodology of
such parameters are described below.

6.2. RAINFALL

6.2.1 RAINFALL MEASUREMENT BY STANDARD RAIN GAUGE (SRG)

PRECIPITATION
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Fig 29: Standard Rain Gauge

The amount of rainfall at a station in a specified period is measured as the depth to
which it would cover a flat surface. The measurement of this is made by a standard

rain gauge, which in India is made of Fibre Glass Reinforced Polyester (FRP) and
shown in Figure. 29

6.2.1.1 INSTALLATION OF STANDARD RAIN GAUGE

The amount of precipitation collected by a rain gauge depends on its exposure and
special care be taken into consideration in selecting a suitable site.



(a) The gauge shall be placed on level ground not upon a slope or terrace and
never on a wall or roof.

(b) On no account the rain gauge shall be placed on a slope such that the
ground falls away steeply on the side of the prevailing wind.

(c) The distance between the rain gauge and the nearest object should generally
be four times the height of the object, but never shall be less than twice the
height of the object.

(d) Great care shall be taken at mountain and coastal stations 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 prevailing wind at a distance, preferably four times its own
height but exceeding at least twice its height, shall form an efficient shelter.

(e) The rain gauge shall be fixed on a masonry or concrete foundation 600 mm x
600 mm x 600 mm on a level ground surface (Figure 30).

(f) The base of the gauge shall be cemented so that the rim of the gauge is
horizontal and exactly 300 mm above the ground level.

(g) In flood prone areas the level of rain gauge should be kept at least 300 mm
above the HFL.

(h) A sketch showing the various objects with their height and distance from the
rain gauge should be prepared and kept in the records.

(i) A fence should be erected around the rain gauge to protect it from stray
cattle etc. The fence height should be such that it is not more than half the

distance of the fence from the gauge.

(j) The rain gauge should be kept locked.

Figure 30: Fencing for Standard Rain Gauge (SRG)

6.2.1.2 MEASUREMENT OF RAINFALL BY SRG

The rain falling into the funnel collects in the bottle kept inside the base and is
measured by a measure glass. The measurement is made daily at 0830 hrs IST in
the morning and 1730 hrs in the evening or any suitable interval in between as



decided by the Department. The following procedure is used for measurement of

rainfall:

()

(b)

(8

Remove the funnel of the rain gauge and take out the polythene bottle.
Place the measure glass in an empty basin and slowly pour the rainwater
from the receiver (polythene bottle) into the measure glass to avoid spilling.
If by chance, any rainwater is spilled into the basin, add it to the rainwater
in the measure glass before arriving at the total amount collected.

While reading the measure glass, hold it upright or place it on a horizontal
surface. Bring the eye to the level of the rainwater in the measure glass and
note the graduation (scale) reading of the lower level of the curved surface
of water. The reading is recorded in mm to one decimal place.

| N

If the rainfall is more than 20 mm (for the 200 cm?2 gauge), the
measurement should be taken in two or more instalments depending upon
the amount of rainfall.

After the first measurement, the rainfall amount is checked by re-
measurement before the rainwater is thrown away.

During heavy rain, check the rain gauge at hourly intervals to avoid
overflow. If necessary, take out the rainwater in a separate bottle, securely
corked for measurement at the time of observation.

All rainfall observations are made at 0830 hrs IST daily. The amount
recorded at 0830 hrs is the rainfall of the preceding 24 hours ending at
0830 hrs of the observation day (Today’s date). In other words, the rainfall
of the day is the total rainfall collected in the rain gauge from 0830 hrs IST
of previous day to 0830 hrs IST of the day and is recorded (entered) against
today’s date.

If there is no rain, enter 0.0 (Note: The column should not be left blank
or“-Oshould not be used for indicating “00 rainfall) and if the rain is below
0.1 mm, enter “t” (trace) in the prescribed form and also in the Register.
Daily rainfall data, recorded on the prescribed form, is sent to the
controlling office daily as per the arrangement fixed for the field station.

6.2.1.3 ROUTINE MAINTENANCE SRG

The following routine inspection and maintenance procedures should be used
to ensure that the gauge continues to provide accurate records.



(@) The collector (funnel) of the rain gauge should be inspected for blockage
with dirt/dry leaves etc and cleared if necessary.

(b) The collector, receiving bottle and the base should be checked for leakage.
If leakage is found, immediate repair / replacement is to be undertaken.

() While replacing the collector on the base, it should be ensured that the two
locking rings are engaged properly.

(d) The enclosure should be kept clean. No shrubs or plants be allowed to grow
near the instrument as they will affect exposure conditions and the catch.

() A spare measure glass should invariably be kept at the field station and
sufficient number of glass bottles with cork for closure should be kept in
case of emergency (when both the measuring cylinder breaks down).

6.2.2 RAINFALL MEASUREMENT BY AUTOGRAPHIC RAIN GAUGE (ARG)

The autographic (siphon type) rain gauge enables automatic, continuous
measurement and recording of precipitation. This type of rain gauge consists of a
receptacle to collect precipitation and a measuring part to measure and record its
amount. The measuring part consists of a float with a recording pen attached, a
storage tank with a siphon to drain a fixed amount of water, and a clock-driven
drum.

Rainwater gathered by the receptacle is led from the rain receiver to the storage
tank through an adjustment vessel. As a result, a float in the storage tank moves
upward. A recording pen is connected to the float. When rainwater in the storage
tank reaches a level equivalent to a fixed amount, it is drained by the siphon.

This procedure is repeated as long as rainfall continues, and the pen repeats
traces from zero to the maximum on the recording paper. When the rainfall stops,
the pen traces a horizontal line. The photograph and different components of
autographic (Siphon type) rain gauge is shown in Figure 31.

Figure 31: Natural siphon recording rain gauge



6.2.2.1 METHOD OF OBSERVATION

The traced mark on the recording paper is read to measure the amount of
precipitation. For one-hour precipitation, for example, intersection points at the
two consecutive hour lines and the tracing of precipitation are read. The one-hour
amount is calculated from the difference between the two readings. The siphon
operates when the pen reaches the maximum position on the recording chart.
During heavy rain, however, it may start this action before the amount of
precipitation reaches the predetermined level because of the wet interior. As the top
of the tracing mark in such cases will not indicate the maximum level, the amount
should be calculated as the sum of the readings for the top of the mark. A typical
autographic rain chart is depicted in Figure 31
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Fig. 2.6 Recording from a natural syphon-type gauge (schematic)

Figure 32: Autographic rainfall chart

6.2.2.2 INSTRUMENT SETTING, OPERATIONS AND TABULATION

Instrument Setting

(@) Wrap a chart on the clock drum taking care that the corresponding
horizontal lines on the overlapping portions are coincident and that the
bottom of the chart touches the flange. Fix the chart in place with the
spring clip. The essential components of Autographic (siphon type) rain
gauge are shown in Figure25.

(b) Replace the cover and pour water into the tube leading to the float chamber
till the water begins to siphon. The pen should come down to the zero line
on the chart after all the water is siphoned.

(c) Next, measure out the equivalent of 10 mm of rainfall in a measure glass
and pour this water gently into the receiver as before, and the pen should
touch the 10 mm line of the chart. If it does not, loosen the set-screw fixing



()

(b)

(b)

the collar in the lid and slightly raise the collar by turning it till the correct
range is obtained on the chart.

Operations

The chart is changed at 0830 hrs IST daily in the morning. First remove the
previous day chart and put the fresh chart on the clock drum and set the
instrument as explained at “A” above.

Put sufficient ink in the pen, wind the clock and set the pen to the correct
time. To set the correct time, turn the clock drum slowly from left to right
until the pen indicates the correct time. Give a time mark on the chart by
gently tapping the pen. The instrument is now set for recording.

Tabulation

Tabulate hourly rainfall values from the “removed” autographic chart and
make entries as per perform supplied. The autographic chart gives a
continuous record of rainfall during the past 24 hours on a daily basis.

If SRG and ARG are installed side by side, it is expected that the total
rainfall recorded during the past 24 hours by both the rain gauges should
agree. In case of any discrepancy, the rainfall amount recorded by the SRG
is taken to be correct.

Despatches tabulated perform to the Controlling Office on monthly basis or
as prescribed.

a0 Top cap . —
) Discharge tube
G Syphon chamber

V' Dise
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Figure 33: Showing essential component of Autographic Rain Gauge



6.2.2.3 ROUTINE MAINTENANCE OF ARG

The rain gauge should be regularly checked for dirt and debris in the funnel. In the
rainy season, the wire-gauge filter should be cleaned once a week or immediately
after a thunderstorm or dust storm. The inside of the glass disc should be kept
clean. This is very necessary for proper siphoning. For cleaning the receiver, the
float and the funnel, proceed as follows:

(a) Lift off the cover, remove the chart drum and the three thumb nuts. Remove
the three small screws and washers, who hold the receiver lid in place.
Gently lift the float from the chamber.

(b) To clean the float chamber, lift it off the base, flush it out with water after
unscrewing the hexagonal nut.

(c) To clean the siphon tube, unscrew the top cap and see if the fibre gasket is
in good condition. Then remove the glass disc and lift off the conical brass
head with a bent pin. Clean the siphon tube. After cleaning, reassemble the
parts carefully.

(d) Next, the halite washer between the float chamber and siphon is checked.
The chamber should be replaced, if it leaks at this joint.

(e) The time of siphoning should be checked occasionally, to see whether the
outlet tube is choked. The time taken for this should be 15 to 20 seconds.

(f) Special ink is used in the pen to obtain a thin and fine trace on the chart.
During summer, a minute drop of glycerine may be added to reduce
evaporation of the ink from the nib. The tip of the nib is kept clean with
methylated spirit.

(g) Minor leaks or cracks in the body of the rain gauge can be sealed by using
adhesive material.

The following are typical problems, which arise and cause the instrument to
become out of adjustment. The listed actions may be used to correct.

(a) Incorrect siphoning: the float may not go up to the 10 mm mark but siphoning
takes place.

Actions:
i) Check and adjust the levelling of the float chamber using a spirit level.
ii) Reduce the friction by rubbing the float rod with a lead pencil.

iii) Check whether the threaded collar is limiting the movement of the
float. If so, raise the collar slightly after loosening the set-screw.

(b) Unstable zero: when no rain, the trace on the chart is not. along the
zero line

Actions:
i) Check the alignment of the drum



ii) Check the wrapping of the chart on the drum. If a fault appears in the
drum, it should be replaced.

(c) Prolonged siphoning: siphon tube is partly blocked.
Action:

i) To clear the siphon tube, unscrew the top cap (h), remove the fibre
gasket, glass disc and then lift off the conical brass head (q) with a
bentpin. Clear the tube by pushing a piece of soft wire through it.
Clean and replace the conical brass head and glass disc. Change the
fibre washers, if necessary.

(d) Gradual fall of pen: either due to a leak in the float chamber or the pen
arm is loose on the float rod.

Actions:

i) For the leak at the joint of the float chamber and siphon chamber, the
hallite washers between them should be replaced.
ii) Tighten the pen arm properly on the float rod.

(e) Siphoning occurs after more than 10 mm of rain occurs: this happens
if the float develops a leak.

Action:
i) Float is to be replaced.

f) During the period of heavy rainfall siphoning may be triggered
before the pen reaches the 10 mm line.

Actions:

i) Assume that each siphon represents 10 mm of rain.
ii) Keep the observatory enclosure locked, clean and fencing intact.

6.2.3 RAINFALL MEASUREMENT BY TIPPING BUCKET RAIN GAUGE (TBR)

The principle of this type of recording gauge is very simple. A light metal container
is divided into two compartments and is balanced in unstable equilibrium about a
horizontal axis. In its normal position the container rests against one of two stops,
which prevents, it from tipping completely. The rain is led from a conventional
collecting funnel into the uppermost compartment.

After a predetermined amount of rain has fallen, the bucket becomes unstable in
its present position and tips over to its other position of rest. The compartments of
the container are so shaped that the water can now flow out of the lower one and
leave it empty. Meanwhile, the rain falls into the newly positioned upper
compartment.



The movement of the bucket, as it tips over, is used to operate a relay contact and
produce a record that consists of discontinuous steps. The amount of rain which
causes the bucket to tip should not be greater than 0.2 millimetres.

The main advantage of this type of instrument is that it has an electronic pulse
output and can be recorded at a distance or for simultaneous recording of rainfall
and river stage on a water stage recorder. Its disadvantages are:

a) The bucket takes a small but finite time to tip, and during the first half of its
motion, the rain is being fed into the compartment already containing the
calculated amount of rainfall. This error is appreciable only in heavy rainfall.

b)  With the usual design of the bucket, the exposed water surface is relatively
large. Thus, significant evaporation losses can occur in hot regions. This will
be most appreciable in light rains; and because of the discontinuous nature
of the record, the instrument readings may not be satisfactory for use in
light drizzle or very light rain. The time of beginning and ending of rainfall
cannot be determined accurately.

Figure 34: Tipping Bucket rain gauge

The Tipping Bucket rain gauge is a widely used for recording rainfall amounts and
intensities in remote and unattended places. Once the TBR is installed and
calibrated, it is ready for use.

6.2.3.1 STANDARD MEASUREMENT PRACTICE FOR TBR

The TBR is equipped with a data logger, which automatically stores the number of
tipping per unit of time or the timings of each tipping. The data stored in the data
logger is either transmitted through satellite or GPRS based telemetry system at the
required location.

Else the logger can be read out using data downloading device at any point of time
or interval. The functioning of the equipment is to be checked as per instructions of
the supplier on routine basis.

6.2.3.2 ROUTINE MAINTENANCE OF TBR

Maintenance of TBR should be carried out in accordance with the instructions
supplied with the equipment.



a) The collector should be kept clear of obstructions and it should be gently
cleaned for dust and debris without disturbing the tipping bucket switch.
This should be carried out on regular interval basis.

b) If the bucket does not tip, it is probably sticking on its bearings.

c) If the bucket does tip but the counter reading fails to advance, the trouble
may be due to a faulty counter or switch. These defects should be rectified
by only an expert mechanic.

6.3 MAXIMUM& MINIMUM ATMOSPHERIC TEMPERATURE

The maximum and minimum atmospheric temperature plays a vital role in various
natural processes including the hydrological cycle.

The Maximum / Minimum thermometer records the highest and lowest
atmospheric temperatures seen by the thermometer between settings. A "U" shape
tube holds a clear liquid and columns of mercury.

As the temperature increases, the liquid expands forcing the mercury up the
maximum scale. When the temperature falls, the liquid contracts and the mercury
follows it back up the minimum scale. Small glass and wire floats called limit
markers are pushed to the temperature limits by the two sides of the mercury
column.

The markers are held in position by a magnet in the back of the case and the
maximum / minimum temperatures are read at the bottom point of the markers. A
setting magnet will easily reset both scales so you can take periodic readings
without worrying about recording the wrong information.

The current or immediate temperature can always be read at the top of the
mercury column as in a single tube thermometer. One limb of the thermometer
reads the maximum temperature while the other limb is used to read the minimum
temperature. The range of the thermometer should be between -35°C to +55°C with
minimum readable graduation as 0.5°C.
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Figure 35:Maximum-Minimum Atmospheric temperature thermometer



It is important to note that the minimum scale is inverted with the lower
temperatures above the higher. The observed should become accustomed to
reading this "upside down" scale, for which some care may be required to get
accurate readings
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6.3.1 STEVENSON’S SCREEN

In order to record the correct atmospheric temperature, the thermometer should be
exposed to the atmosphere and should not be kept indoors in a room or shelter.
However placing the thermometer under the open sky would render it to direct
exposure of sun, wind, dust, rain, snow, hail etc which will provide erroneous
readings.

In order to have ambient atmospheric conditions, free from any disturbance, the
thermometers are placed inside a wooden enclosure, with proper arrangement for
hanging/clamping the thermometer.

The above enclosure is known as Stevensons screen and is made up of wood with
spaces in between the wooden louvers for proper circulation of the air. A typical
Stevenson’s screen (small) sketch for housing max/min thermometers as per BIS
standard is shown below with dimensions.

6.4 EVAPORATION

Under natural conditions, the rate of evaporation, or the amount of water turned to
aqueous vapour in a given time, is a function of the following meteorological
factors:

a) Solar and sky radiation

b) The vapour pressure deficit of the atmosphere surrounding the evaporating
surface water

c) The flow of air past the evaporating surface

d) The air temperature which controls the temperature of the liquid and also
determines the upper limit of the vapour pressure deficit.

Measurement of evaporation from a free water surface provides a value which could
be used as an expression of the integrated effect of all these meteorological factors.

The pan Evaporo-meter used for measurement of evaporation consists of a
cylindrical reservoir of fixed diameter and depth, filled with water to a few
centimetres below the rim. A fixed-point gauge in a stilling well serves to indicate
the level of water in the pan.

A calibrated measuring cylinder is used to add or remove water at each observation
to bring the water level to the fixed point. The cross-sectional area of the measuring
cylinder is such that, the number of millimetres of water added from the measuring
cylinder divided by 100 gives the amount of water in millimetres which has
evaporated from the pan during a given interval of time.

The reservoir is covered with wire-mesh netting to protect it from birds, animals or
flying debris. The pan used for evaporation measurement is the US "Class A"
evaporation pan which rests on a carefully levelled, wooden base and is often
enclosed by a fence. Evaporation is measured daily as the depth of water (in
mm/cm) evaporates from the pan.

As per BIS Standard, a typical Pan Evaporo-meter should be in circular shape
made up of Copper and having arrangement for clamping thermometer and should
have a fixed gauge inside a stilling well made up of brass to observe the water level



in the Pan (Figure37). A measuring cylinder made up of either acrylic plastic or
brass is used to add water to the Pan Evaporo-meter (Figure38)

6.4.1 PROCEDURE FOR MEASUREMENT OF EVAPORATION

To calculate the evaporation it is necessary to measure the rainfall and the water
level in the pan at the same time.

a) Read the rain gauge every day at 8:30 hrs to get the past 24 hours
cumulative rainfall.

b) Class A Pan Evaporo-meter reading

i) Take the measuring cylinder and fill it completely with water and start
pouring the water slowly in the Pan Evaporo-meter and keep a tab on
the fixed point gauge. Stop pouring the water as soon as the water level
in the Pan touches the top of the fixed point gauge.

ii) Observe/measure the amount of water (in mm) poured into the Pan
Evaporo-meter.

iii) The actual evaporation during the past 24 hours is the amount of water
(mm) added to the Pan Evaporo-meter + the rainfall (mm) occurred
during the past 24 hours.

Case B: Water level in the pan is above the fixed-point gauge:

i) Take the measuring cylinder and start removing the water using the
measuring cylinder till the water level touches the fixed point gauge.

ii) Observe/measure the amount of water (in mm) taken out into the
Pan Evaporo-meter.

iii) The actual evaporation during the past 24 hours is the amount of
water (mm) removed from the Pan Evaporo-meter - the rainfall (mm)
occurred during the past 24 hours.
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CHAPTER 7

STANDARD RECORD DATA (RD) FORMS AND CHECK
LIST

7.1 STANDARD RD FORMS AT THE HYDROLOGICAL OBSERVATION
RD 1 Form: Daily Discharge Data

RD 2 Form: Ten Daily Discharge data

RD 3 Form: Daily Gauge Reading

RD 4 Form: Daily Hourly Flood levels

RD 5 Form: Record of Ground Water Level

RD 6 Form: Record of Rainfall

7.2 STANDARD FORMS AT THE SILT/SEDIMENT OBSERVATION

RD 7 Form: Record of Suspended Sediment Analysis

RD 8 Form: Detail of Suspended Sediment For 10 Days

RD 9 Form: Abstract of Suspended Sediment Load Data

RD 10 Form: Mean Diameter of Sediment Particles (Diameter below 0.6 mm, %< 5)
RD 11 Form: Mean Diameter of Sediment Particles (Diameter below 0.6 mm %> 5)
RD 12 Form: Analysis of Bed Material

RD 13 Form: Vertical velocity and sediment distribution

7.3 STANDARD FORMS FOR WATER QUALITY OBSERVATION

RD 14 Form: Physical & chemical specialities of River/well water sampler
RD 15 Form: Result of Dissolved & Biochemical Oxygen Demand
RD 16 Form: Inspection Report

These forms are given at Annexure-VI
7.4 CHECK LISTS OF HYDRO-METEOROLOGICAL SITES

7.4.1 CHECK LIST FOR GAUGE SITE

a) All the gauges to be overlapped in increasing order about 30 cm.



b)

g)

h)

i)
)
k)

)

Painting and marking should be done as per norms at least once before
monsoon each year.

H.F.L & Last Year HFL should be marked at least three places on Both Bank
at appropriate locations.

D-Type BM should be at the adjacent of site.
Permanent adjustment should be done at least once in a month.

Zero RL of gauge should be checked during inspection of site by higher
officers.

At least two temporary gauges with painting and marking should be kept for
emergency.

Pre & Post Cross section should be taken before monsoon and post monsoon
and platted on proper graph.

Gauge dairy should be maintained properly.
All the Permanent Gauges RL should be checked at least once in a month.
All the equipment accessories should be kept in good working condition.

Site office should be at proper approach Road.

m) When gauge site situated near a confluence, its minimum distance upstream

p)

q)

from the confluence point on either of the streams should be such that the
backwater or disturbances due to floods in the other stream would not affect
the gauge site in other stream even in if the stream is flowing on which the
gauge is fixed is running low.

Three SWA should be posted at the gauge site during monsoon season to
record hourly gauge.

Last temporary or permanent gauge should be installed in the flowing River
to read minimum gauge.

Site Office Board should be fixed adjacent of D-Type BM/or at proper
location.

Umbrella, and Torch, and life jacket and lifebuoy should be available at the
site.

D-Type BM should be checked from MTBM at least before Monsoon.
Silent features of the sites board should be kept inside the site office.

All Gauge Site Should have invariably metrological observation parameters
like Rainfall (through ORG), Maximum and Minimum temperature.

Daily Gauge and Rain fall data and temperature should be recorded properly
and submitted to sub-division in timely.



v)

iii)

iv)

v)

Vi)

Water level at the gauge site should not be affected on account of a falling
curve obtained over a weir crest or immediately below a constricted bridge. It
is recommended that when the gauge is located downstream of a structure,
a minimum distance between the gauge and the structure should be kept 3
times the width of the section at high flood level in case of smaller streams.
In case of big rivers length of 0.5 — 1.0 km below a weir or a bridge may be
considered adequate for obtaining normal conditions.

The site should be free from aquatic growth which is likely to interface with
the gauge measurement.

All observed data should be entered in eSWIS software immediately.

CHECK LIST FOR DISCHARGE SITE

All the check list as listed for Gauge site should be read as part of Discharge
site also.

All necessary equipments as listed below area should be available:
Equipment for measurement of velocity
a. Current meters & Accessories, b. Wading Rod, c. Protractor

Equipment for measurement of depth
a. Sounding rod, b. Echo Sounder

Miscellaneous equipment

a. Stop Watch/ CM Counter, b. Fish Weight, c. Battery box with Earphone
d. Thermo-meters e. Navigational Equipment, f. Life Saving Devices, g. Auto
Level, h. Prismatic Compass, i. Screw drivers and spanners set, j. Knife

Discharge site should have Gauges installed at CG Line, US side (500 m
from CG) and DS (500M down from CG).Preferably the river reaches in this
section should be normal to flow. This may be kept in mind while selecting
the site for discharge observation.

Divide the area of cross section into number of strips. River Segmentation:
Strip width < 1/15 to 1/20 of the width of river, Minimum section 15(for
small river) to 25 (for large river)

Find the area of each strip and mean velocity.

Discharge in each strip < 10% of total discharge.

vii) Difference in velocity between adjacent strip should not be more than 20%.
viii) Vertical Velocity Distribution Experiment should be done once in a month to

ix)

x)

calculate the point of average velocity. Normally it occurs at 0.56d to 0.63d.
Normally Velocity Area Method should be used for Direct Discharge
Observation.

Pivot Point /Stadia Method is used for fixing position of boat at particular
RD for making observation.



xi) The discharge observation measured should be done for each strip at each
RD at 0.6d depth for shallow and medium depth rivers. For deep rivers it
should be observed at two point i.e. at 0.2d and at 0.8d. Average of both
velocity should be taken for segment discharge computation.

xii) If Surface level velocity is observed then it should be Multiplied by 0.89 so
it’s give the Mean velocity.

xiii) In lower water level small Peg is fixed for marking the RD Point in a Channel.
Pigmy Type current meter should be used for measurement of low
discharges.

xiv) The Revolution of CM should be measured twice at a particular RD Point.
Average of both value is taken for velocity computation.

xv) The Proper Fish Wt. should be used for high Flow discharge observation.

xvi) The CM spin should be examined daily before start the discharge
observation. If and day spin is less than 75, it should be sent to lab for
recalibration. A rated current meter should have spin between 75 to 115 as
per BIS. A rated current meter should be used for 90 days continuous use or
300 hrs or 180 day, whichever is earliest.

xvii)The CM should be properly fixed with wadding Rod and for good result Wt. is
adjusted for horizontal balancing.

xviii) Eco sounder should be used for recording depth in large and deep rivers.

xix) River flow slope and other flow parameters such as Manning’s ‘n”, wetted
perimeters etc should be calculated daily from the observed flow.

xx) Different Curves such as Stage/Water Level(G) Vs Q, Q Vs n, G Vs n etc
should be plotted for each year flow data and displayed in the site office.
Proper record should be maintained.

xxi) The corner water width is actual measured for end correction of area and
discharge calculation.

xxii) If the flow is oblique i.e. not normal to the flow, oblique angle correction
must be applied in velocity computation.

xxiii) If observation is carried out from the bridge using current meter then, Dry
line, Wet Line correction must be applied in depth calculation. For lowering
the current meter into the river, Boat Outfit/Bridge Outfit should be used.

xxiv) As far as possible this method should be avoided.

xxv) The Natural & Balloon float should be used for Float observation work.
Compass should be used for checking float direction. C/G, U/S, D/S line
Gauges is Checked for Straight line alignment.

xxvi) The discharge observation work using bridge outfit, RD should be marked on
the top of the parapet of bridge span by equal Interval of the Span between
the Piers and discharge is measured at each span. Pier correction must be
applied.

xxvii)Temporary Gauge Post should be fixed at Bridge Site and it should be
connected to main Gauge at CG line.

xxviii) If Rope and Pendent is used using Winch Machine through Cable, Sag
correction should be applied for calculating the width. If cable Trolley is being
used, it should be used and maintained properly.

xxix) All safety Precaution is Measured during the discharge observation.



XXX)

If Slope-Area method is being used for computing discharge in extreme/high
flow condition, where direct method is not possible, then slope should be
properly observed between US and DS Gauges. If the river has Cross Slope
also then mean Gauge of both Gauge (Left and Right bank gauge) should be
observed. Manning n’ should be judiciously chosen from using G Vs n and S
Vs n curve from the observed data.

xxxi) All Hydrological Graph Reg- Discharge vs. Area, velocity, Manning, Slope and

7.4.3

g)

h)

j)

k)

Stage vs. Area, velocity, Manning, Slope and Monthly Bar Chart, Ten Daily
Bar Chart, Hydrograph, S/D Curve Monsoon and Non-Monsoon displayed in
office.

Check List for Sediment Observation Site

The checklist for Gauge and Discharge should invariably be part of the Silt
observation.

Vertical Silt Distribution Curve should be plotted each month for
ascertaining the depth at which silt samples are to be taken.

The silt sample is collected at each RD at 0.6 water depth in one litre bottle
using Punjab Type Silt Sampler at the time of discharge measurement.

Sites displaying vortices, reverse flow or dead water should be avoided,
especially when associated with structures in the streambed or with bed
rock outcrops.

The measurement section should be clearly visible across its width and
unobstructed by trees, aquatic growth or other obstacles.

The depth of water at the section should be sufficient at all stages to provide
for the effective immersion of the instruments, whichever is to be used.

The site should have easy access at all times, for all necessary measurement
equipment.

The section should be sited away from pumps, sluices and outfalls, if their
operation during a measurement is likely to create flow conditions not
enough close to uniform flow.

Sites should be avoided where there is converging or diverging flow.

In those instances where it is necessary to make measurements in the
vicinity of a bridge, it is preferable that the measuring site be upstream of
the bridge. Although in special cases and where accumulation of logs or
debris is liable to occur it is acceptable for the flow-measuring site be
downstream of the bridge, sediment should preferably be sampled at another
location.

Light-weight streamlined, fixed-volume point sampler or depth-integrated
sampler (e.g. US DH-48) should be used when suspended sediment contains
more than 5 % medium + coarse fractions and when the sediment
concentration of the sample is higher than 100 g/m?.



1) The Punjab-type bottle sampler does not work efficiently at high velocities.

m) All equipment to be used in analysis must be cleaned thoroughly before use
a. Porcelain dish must be pre-weighed.

n) Filter paper must be dried pre-weighed and kept in desiccators.

o) Sampling and Analysis procedures must be followed strictly as mentioned in
the guidelines.

p) All the analyzed results must be properly recorded and entered immediately
in eSWIS.

7.4.4 Check List for Bed Material Site

The Bed Material Survey sample should be collected one from at % distance from
water edge, another at middle of river and third at % water width location using
appropriate Bed Material sampler. These samples should be immediately
transported to divisional laboratories for analysis once before pre-monsoon and
another after the monsoon.

7.4.5 Check List for Water Quality Site

a) Water Samples should be collected from the River at %,%, % distance from
water edge below 30 cm from surface.

b) Basic parameters (06) as mentioned for Level-I labs should be analyzed at
the site itself. The results after analysis may be immediately entered in
eSWIS

c) After fixing DO samples, the sample should be sent to Divisional WQ lab for
further analysis.

Check List for Snowfall Site

a) Snow Fall is measured every day at8.00AM.

b) The snow gauge is kept in Vertical Position.

c¢) The Snow is collected in a Beaker and after heating it is converted into water
equivalent which shows the snow fall at a site on a particular day.
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Annexure-l
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Government of India

CENTRAL WATER COMMISSION
OFFICE OF THE JUNIOR ENGINEER. SAKLESH

Site office Sign Board

NOTE: The usual practice of painting signboard on ordinary MS sheet may be dispensed with. New sign
board shall be fluorescent in nature and in conformity with standards being followed in other
Government Organizations like NHAI OR Airport Authority of India etc.



Annexure-II

SALIENT FEATURE OF SITE
I i T fAdwand

Name Of Site/ ¥Jel Pl ATH -----------—- Name of River-/ &¢I &l &ATH -------
Code / IS —------m-mmm- Type of site/ TS Bl YhR--------

Division / #USET ---------------- Sub division / 39 HUSH -----mmmommmmee-
Location; gfd ------ Village / MG ------m-m-- District / f&re

Date of Opening of Gauge / 3ol URFH gl &1 fAfdy —---

Date Of Opening Of Discharge/ fG¥aRor yRed g &1 fafy ---

Date Of Opening Of Silt / Mg URFH B Hr Afy -

Date Of Opening Of Water Quality / STel J[UTdal URFH el & fafd -
Zero R.L. Of Gauge / 91T &1 eI HIUET dTel ---—-

Value of M.T.B.M. / & dT AR Pl AT --—----

Value Of D.Type B.M / &I-28U &9 ATh & A .—

500m U/s T.B.M Value/ 50010 FUX IR & AB & AA ---
500m D/s T.B.M Value / 50010 ad 3FURft d9 A6 HI ATA---
Latitude/ R 1231 ) gE—

Longitude/ SRR ---

H.F.L.Value / fefeiRea e Tat--—--—-—--- Year /@8---cccoee-

Last Year H.F.L / TU&a a¥ & 3AGIH Tl TAX --—-—---—-——- Year/aw
Maximum Discharge / 3f@&da FEeRor --——————————- Year/ a§-----
Maximum Rain fall /37f&dd Tu T ------m-mmmmmmmmmmmmee Year/ a8§----
Maximum Temperature / 3fQHdH IGHA ------ ---- Nty | J——

Purpose of site initially / URTR® 38T --------

Present Purpose / Tddd 3gQT —---------—--—-



Site Office Equipment/Instrument

Annexure-III

Gauge Site
Sl. No. Particulars Quantity
1 Metallic Tape 30 m 01
2 Auto Level with accessories & staff 01
3 Gauge Post 10
4 Target Poles 04
Ordinary Rain Gauge with measuring cylinder 01
5 Maximum and Minimum Thermometer (Digital) 01
6 Dry Wet Thermometer 01
7 Life Buoy 05
8 Life Jackets 05
9 Raincoat 03
10 Umbrella 02
11 Torch 02
12 Gum Boot 03
13 Bucket 02
14 Carpentry Tool set 01
15 Water Filter 01
16 Calculator 01
17 Stevenson’s Screen 01
18 Table 02
19 Chair 05
20 Wireless with accessories 01
21 Maintenance free battery 02
22 Petromax/Light Arrangement 01
Consumables
Paints, Painting Brushes, Data forms and stationary etc.
Gauge and Discharge Site
S1. No. Particulars Quantity
1 Current Meter with accessories 02
2 Pigmy Current meter with accessories 01
3 Digital Counter 02
4 Fish Weight — 10 kg 02
5 Fish Weight - 25 kg 02
6 Sounding Weight- 10 kg 02
7 Sounding Weight- 25 kg 02
8 Metallic Tape 30 m long 01




9 Auto Level with accessories & staff 01
10 Gauge Post 30
11 Target Poles 05
12 Ordinary Rain Gauge with measuring cylinder 01
13 Maximum Minimum Thermometer (Digital) 01
14 Dry Wet Thermometer 01
15 River Temperature Thermometer 01
16 Boat with accessories 01
OB Engine with accessories (Capacity 25 HP/45
17 HP/90 HP depending upon max. River current) 01
18 Sisal/Nylon/Jute Rope- 50 m each 02
19 Life Buoy 08
20 Life Jacket 08
21 Ranging Rods 06
22 Raincoat 08
23 Umbrella 05
24 Torch 03
25 Gum Boot pairs 08
26 Bucket 03
27 Carpentry Tool set 01
28 Water Filter 01
29 Scientific Calculator 01
30 Stop Watch 01
31 Eco-Sounder 01
32 Boat Outfit 01
33 Bridge Outfit 01
34 Stevenson’s Screen 01
35 Table 03
36 Chair 08
37 Petromax/Light Arrangement 01
38 Wireless with accessories 01
39 Maintenance free battery 02
Consumables
H Paints, Painting Brushes, Data forms and stationary etc. ”
Gauge, Discharge & Water Quality Site
S1. No. Particulars Quantity
1 Current Meter with accessories 02
2 Pigmy Current meter with accessories 01
3 Digital Counter 02
4 Fish Weight — 10 kg 02
S Fish Weight — 25 kg 02
6 Sounding Weight- 10 kg 02




7 Sounding Weight- 25 kg 02
8 Metallic Tape 30 m long 01
9 Auto Level with accessories & staff 01
10 Gauge Post 30
11 Target Poles 05
12 Ordinary Rain Gauge with measuring cylinder 01
13 Maximum Minimum Thermometer (Digital) 01
14 Dry Wet Thermometer 01
15 River Temperature Thermometer 01
16 Boat with accessories 01

O B Engine with accessories (Capacity 25 HP/45
17 HP/90 HP depending upon max. River current) 01
18 Sisal/Nylon/Jute Rope- 50 m each 02
19 Life Buoy 08
20 Life Jacket 08
21 Ranging Rods 06
22 Raincoat 08
23 Umbrella 05
24 Torch 03
25 Gum Boot pairs 08
26 Bucket 03
27 Carpentry Tool set 01
28 Water Filter 01
29 Scientific Calculator 01
30 Stop Watch 01
31 Eco-Sounder 01
32 Boat Outfit 01
33 Bridge Outfit 01
34 Stevenson’s Screen 01
35 Table 03
36 Chair 08
37 Petromax/Light Arrangement 01
38 Wireless with accessories 01
39 Maintenance free battery 02
40 Conductivity Meter 01
41 DO meter 01
42 pH meter 01
44 DO Sampler 01
Consumables

Paints, Painting Brushes, Data forms and
1 stationary etc.
2 Filter Paper, Chemicals, Glass Wares etc.




Gauge, Discharge, Silt Water Quality Site

Sl. No. Particulars Quantity
1 Current Meter with accessories 02
2 Pigmy Current meter with accessories 01
3 Digital Counter 02
4 Fish Weight — 10 kg 02
S Fish Weight — 25 kg 02
6 Sounding Weight- 10 kg 02
7 Sounding Weight- 25 kg 02
8 Metallic Tape 30 m long 01
9 Auto Level with accessories & staff 01
10 Gauge Post 30
11 Target Poles 05
12 Ordinary Rain Gauge with measuring cylinder 01
13 Maximum Minimum Thermometer (Digital) 01
14 Dry Wet Thermometer 01
15 River Temperature Thermometer 01
16 Boat with accessories 01

O B Engine with accessories (Capacity 25 HP/45
17 HP/90 HP depending upon max. River current) 01
18 Sisal/Nylon/Jute Rope- 50 m each 02
19 Life Buoy 08
20 Life Jacket 08
21 Ranging Rods 06
22 Raincoat 08
23 Umbrella 05
24 Torch 03
25 Gum Boot pairs 08
26 Bucket 03
27 Carpentry Tool set 01
28 Water Filter 01
29 Scientific Calculator 01
30 Stop Watch 01
31 Eco-Sounder 01
32 Boat Outfit 01
33 Bridge Outfit 01
34 Stevenson’s Screen 01
35 Table 03
36 Chair 08
37 Petromax/Light Arrangement 01
38 Wireless with accessories 01
39 Maintenance free battery 02




40 Conductivity Meter 01
41 DO meter 01
42 pH meter 01
43 Wireless with accessories 01
44 DO Sampler 01
45 Silt Sampler 01
46 Sieves set 01
47 Oven 01
48 Electronic balance 01
49 Enamel Bucket & Mug 01
30 Desiccators 01
31 Gas Stove 01
Consumables
1 Paints, Painting Brushes, Data forms and stationary etc.
2 Filter Paper, Chemicals, Glass Wares etc.
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Annexure-IV

Mote: 1. All Dimenstons are in cm
2. Drawing to scale



Annexure-V

EQUIPMENT FOR SEDIMENT SAMPLING AND SEDIMENT LABORATORY

w
2
o

Equipment

Bottle type Samplers

Metallic 1 Litre bottle

Metallic Conical Flask

Metallic Beaker 500 ml.

Double Jacketed cylinder

Filtering apparatus

Hydrometer

Set of 3 sieves

Oven

Other Sundry items

— | =
Clalo|o| N o|u| afw| o] —]S

Analytical Balance

—
N

Enamel or Stainless steel (SS) trough

—
w

Buckets S S or Enamel

—
N

Bowls 500 ml

—
ul

Tripod stand

—
)

Pipette stand

—
~

Beakers glass 500 ml

—
o

Measuring cylinders 1 lit.

—
O

Desiccator 20 cms dia

N
o

Funnel glass 100 cms

N
—

Pipette glass 100 ml

N
N

Porcelain basin 10 cms

N
w

Thermometer 110 deg C

N
BN

Bottle glass 500 ml

N
Ul

Rubber Corks assorted

N
@)

Filter Paper assorted

N
<

Pressure rubber tubing

N
(0]

Glass tubing assorted

N
\©)

Glass marking pencil

w
o

Watch glass 10 cm dia
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CWC/RD-1
Government of India
Central Water Commission
Daily Discharge Data

(0] 1YY V=1 o s T 1 o TOS OO TTTURPP
River...................Site..................... Code No. ............... Date.....cccccevernnen Time from........cccc....tOune
Mode of Crossing:- By Wading/ Bridge/ Boat/ Boat with OBE/ Boat With IBE/Boat with Cable Way/ Cable Way/Bank Operated Cable Way/Cable Way with trolley................
Method of Velocity Observation:-Floats/ Current Meter/Slope Area/Dilution Method/ Floats with Respect to RDs/ ADCP.........cccceeeevrveerveneeene.
Location of Discharge Site: F N = g 0 o ¥ [0 1= 0 AT T
2] TR =Y o Yo ToT =T A 1 (TR ST
Distance of PErmanent Site .......cccceevciiiieiiiiee e e e
Oy A DY
Depth measured with:- Wading Rod/Sounding Pole/Metallic Reel/ Echo Sounder/Cross SECLION........cccuvveveeeevevereeeeeeiereee et
Sounding weight used: (KE/LD) ettt ettt ettt ettt et ettt et et ev e ete e bt aasebeea et et ebe s e et easebenba b et easebeeatebeasebensatetesebeneabeteasebe seabeteasebesaberes
Condition of Water o 1T AV 1= OO TSSOSO
OFAINANY SIHY ot ettt e st st st st e st b et et e s sasete st stesee e benbansesantarsane s
INEENSEIY SIIEY . e e e et e e e e et e e e e eetba e e e seentaeeeesanraaeaeananes
RIVEE Water TEMPEIATUIE (OC) .. cviicvieirieeceeteeeeieeeceetev e eeeeeeetetesste et s sttt ssesssenssesbesetesessrssensesssesetass sensesesensssnssessesetesesesesensesstesesens
Mean Water Level (STandard BanK) ...ttt st ettt e st ste st e s st et sn e s aae et Meter
Atmospheric Temperature - MaX.......ccooeveveveeineeeeerereveree e O ettt ettt ettt ettt e eanens T TR oC
W BATNET CONAITION.....ccuiieeeeeet ettt te sttt e b ettt e e saeetestestesesessestessesseseasasssasateateseesesseasessessesseseasassaas et sbenssssssessenses st enssrsensatesteseenen
Direction Of Wind W.r.t. SEFEAM FlOW.......cu ittt sttt st et et st s st e b s s et st es et ae st ses et ert et e sea b b enestenenbebeneees
Strength of Wind: Very Slight / Slight / Strong / Very Strong..........cceeeveeeeeceeereeecreceevenne.
VEIOCItY OF WINA: KM / HE oottt ettt st et et a et eas et ae st sas et asa bt easssensatesassebensatessrserensasessnsetensates [ 101 71| TR
Current Meter Observation
Meter No. and make.........cceceeuvcreinreneenennenn EqQUation.....ccccoeveceeeeeereeee e Date of 1ast Rating......cccceceivinereece e Rated Spin ....cccccvevevvineerenen.
SPIN BETOIE IMBASUIMNEMENT......ciieeite st eetie ettt etestesteste st e e s e s eetess e st eseasestesteseesessessassasseseesansaasabe st stesessessensasseseaseasansensaseseeseesenssntans
SPIN ATLEE IMIEBASUIEIMENT ... .. itiietietietce ettt etesteste e et et ss et eeeseetestesteses e seesseseseaseatesteses seesessessas et et ers easans et atessesessessansesbesaesensareareasesssees
Date of first USe ....ceceeveee v No. Of days USed ......ccevuerevirerenrrrineee e
Method Of SUSPENING IMEBLEI: .....ooi ittt sttt et et seste ste e e e s e st ebaesersersaseatestestensenesentasenes
Weight USEd WIth MELEI: ...ttt s st e b et et e e e sre st st ste e sanbenteransans

Observed velocity at 0.6 D/ Surface............ YT Float details........ccoeueeueeneee. Float travel distance.................. Float travel distance marked with .......c.cccceververnenne.



Gauge Information

2ero RL (GTS) wovevveeeecveevees

Temporary
Right Bank

Average

SAYVINAY

26

(s/gw) NOLLDAS HDSIA

25

ALIDOTAA NVAIW TVNIA

24

NOLLDAHY0D LA1dd

23

(S) LA ANWIL

22

(w) FONV.LSIA LA1YA

21

(S/W)ALIDOTIA NVAIN "940D

20

Left Bank

07140 4TONV

19

(s/w) ALIDOTIA NVAIN

18

ALIDOTHA A4LVINDTVD

17

Permanent

Right Bank

Average

IND 40 "A4Yd 40 'ON

16

(09s) ANIL

15

Va4V LAN (£1-21)

14

UO0I109..10D eade m\U

13

(zw) NOLLDES jJo VAuY

12

(w) @ad NI ASVAUDINI

11

Left Bank

(w) HLdAA NI "441d

10

(w)
HLdHA ¥4 LYM 4139400

(w)uondaaio) [e101,(£+9)

Gauge

Beginning

End

Mean

(W) NOLLDAYY 0D ANITLIM

(W)NOLLDTYYOD ANITIIV

(w) HLdAA ANITIIV

(‘82@) ATONV TVIILYIA

(w) HLdAd YLV M

(w) NOLLDES 40 a¥

‘ON NOLLDAS




Top Width (m):

Wetted Perimeter (m):

Area correction

Area (m?): (m?):

Net Area
(m?):

Discharge
(m*/sec):

Discharge correction

. 3 '
(m*/sec): Net Discharge (m”/sec):

Computed
Data

Slope Measurement

Main data

Location of Level
Observations

Right Bank Details

Left Bank Details

Mean Reading

Distance from

Level Reading

Distance from

Level Reading

CGL CGL
U/S Gauge Line:
Central Gauge Line:
D/S Gauge Line:
Slope: Fall in meters: Distance:
Mean Slope:

w

N

[e)]

. Average velocity, V= Q/A =

. Max. velocity, V(max) =

. Hydraulic mean depth, R=A/P =
. Chezy, C=V/(RS)%° =

. Mannings, N=RY®/C =

. Average Depth = A/W =

. Where W=width of water surface

Other information

1.Characteristic of river bed
2. Class of roughness under which it falls

3. Every month or on each change a free hand sketch should be made of the configuration of the river, 500m upstream and downstream of the discharge site, Showing
direction of general flow of the river and position of permanent and temporary gauges and other permanent mark and their distance from the C.L. Section.

Signature of Observer

Name
Designation

Note:-

Signature of inspecting officer

Name

Designation

noted | remarks column. Unless proven specially, the co-efficient should be taken as 0.89.

2 |f no drift occurs, it has to be shown as NIL in column No. 23, the column is never to be left blank.

Mean velocity (Cl. No. 18) will generally be velocity at 0.6 Depth. Where mean velocity is deducted from surface velocity, the co-efficient employed should be

3 Sum of area corrections due to unequal segments. Correction for each unequal segment=% X (Dry distance of preceding/succeeding R.D. from water edge)X depth

at the end Vertical.




CWC/RD-2
Government of India
Central Water Commission
Daily Discharge Data

POSITION Of DISCNAIEZE Site....cuiitiiiiicie e sttt et te e s te st e e vt et et et eassasebesteseestesesseatesaesaas st aasabeabeste e s sessassesaesasesansabe st stesesnnnnnsasaats

VT g ToTe oY Y=Y =4 00 =T o) 1 4 Lo VO OO TR

Sounding taken With/WEIGHT USEd.......c..cuouiiiiictiee ettt sttt et s et et se ettt sea e aaes et st sstsss et sasenbesaneenen
VeloCity ODSEIVEA DY ......ci ittt et st e et at 0.6 depth/surface

1Y/ ToTo [N o) le [1ol s F=T =0T o] o Y =T aVZ= 1 A (o] o U OO OO OO OO O OO USRS

Standard GaUZE ON RIGNT/LETE BANK........cocueuii ettt ettt ettt st st b e sbe st et eeebese s tebeas et setebeessteebabesensatesbessssesatesenssssssateseens

R.L. Of ZEI0 Of GAUEE (G.T.5.) i iciei e ceeetet ettt et et e e ste e st ea et et et et eassaeete st stesessessassasaes et essarsateaaeste s sesssssessesbes et aassasareateseesnnannan

(D Lo ] A - 1y ol a =T ol (] = OO OO U TP

E = =
Z
: = I 7 = % = > < S )
S - i >~ | & %) = =) 5 < = S > E . =
Z| E| 2| E |2 2 | = | & = S z | S| @ | £ § 2 =
z = S a2 g - o = = > | = | E 7 o = s = O © v
o 2 — < o = = = E 23 Z 7 = 3 z S % &
- = T] o o S — = = I~ S m 23| = Q 25 = > o = S 4
> > ) = = Nl < « = m QO S = A [~2 = P} = o 25} <
< = < < S m = 25 m o 3 3 < = o a = o [~ - &~ =
a = > S 3 T S | = S o o |l |lo| 2 @ o > S & A a &
S|z |z | 2| % 2|8l |g|8|2|¢8 sl e| 8|28 |5 |¢%
=) < 2 T 2 e = > Z e 5 > = > s =z
£ a = =
=
1 2 3 4 5 6 7 8 9 10 11 12 |13 |14 | 15 | 16 17 18 19 20 21 22 23 24




Remarks :-
1. Actual observed discharges to be entered in red ink.
2. Tabular discharges to be entered in black ink.

Signature of Observer Signature of SDE Executive Engineer
Name Sub- Division e s Division
Designation Central Water Commission

................................. [ e




CWC/RD-3

Government of India
Central Water Commission

Month.................. 20...cccunn. Statement showing Daily Gauge Reading
RIVEI ittt St Code NO....coovevvereee,
Zero of Gauge (G.T.S.) et Type of Site
Date Gauge reading at C/G Line | Water Level (m) River Water | Atmospheric Temperature(°C) Remarks of

(m) Temperature Inspecting

0800 1300 1800 0800 1300 1800 | (°C) Max.(° C) Min.(° C) Officer

Hrs Hrs Hrs Hrs Hrs Hrs

1 2 3 4 5 6 7 8 9 10 11

Signature of Observer Signature of SDE Executive Engineer
Name Sub-Division

Division /Designation
Central Water Commission




CWC/RD-4

Government of India
Central Water Commission

Month.................. 20.........
Statement showing details of First/Second/Third Ten Daily Hourly Flood Level
River.......ccooveie Site....oooeeee ..Code.......... Zero of Gauge (G.T.S.) ...cccevennnnnn.
Water Level (m)
Date Hours Remarks of
1(2(3(4|5|6|7|[8|9 |10 |11 |12 |13 |14 |15 |16 |17 |18 |19 [20 |21 |22 |23 | 24 | Max. Min. Inspecting
Officer

Highest Water Level duringthe year ..o, (m)
Ever Recorded Highest Water Level and Date of occurrence.....................

Signature of Observer  Signature of SDE Executive Engineer
Name Sub-Division . Division
Designation Central Water Commission




CWC/RD-5
Government of India
Central Water Commission

Month.................. 20.... Record of Ground Water Level
RIVEI ..o S | (TSP Code NO.......vvvvveeereeeieeee
Location of well(Village)......................... Approximate Distance from Central Line.......................
Purpose for which well is USed...........cooiiii e,
Elevation of reference point on the top of the well................o
Average Elevation of the Well........ ..o
Elevation of the bed of Well......... .o e
Geological features of the Well.. ... .o e
Date Depth Below Reference Elevation of Water level in | Temperature of Well Condition of Remarks
Point the well Water (°C) measurement
0500 Hrs 0800 Hrs 0500 Hrs 0800 Hrs 0500 Hrs 0800 Hrs
1 2 3 4 5 6 7 8 9




Monthly Average Water Level
1- Enter approximate symbol in column ‘8’ according to the following description:-
(a) Heavy precipitation (Rain and/or Snow) since last measurement.
(b) Moderate precipitation (Rain and/or Snow) since last measurement.
(c) Slight or no precipitation (Rain and/or Snow) since last measurement.
2- Pond, ditches and depressions nearly filled with water.
3- Pond, ditches and depressions nearly dried up.
4- The ground is frozen.
5- Surface water may be have flowed into the well.
6- If the well has been in use, indicate the time interval (in hours) between the cessation of use are measurement in remarks column.
7- If pumping takes place in a nearly well indicate its distance, duration of pumping and approximate discharge in the remarks column.

Signature of Observer Signature of SDE 31feremaY 31fATAr / Executive Engineer

Name Sub-Division . Division
Designation Central Water Commission



CWC/RD-6

Government of India
Central Water Commission

Month.................. 20.......... Record of Rainfall
A= PP S (T Code....oovvveieii
Type of Rain gauge: Ordinary/ Self-recording..........cccooiiiiiiii e,
Rainfall at Rainfall at Total Rainfall Cumulative Cumulative Remarks
Date 20:30 hrs (mm) | 08:30 hrs (mm) | during the day | Rainfall till date | Rainfall for
on the previous (mm) for the month the year (mm)
day (mm)
1 2 3 4 5 6 7
Total
Total annual rainfall
1- Tillthe end of previous Month............ooii i mm
2- Till the end of current month mm

3- Number of rainy days during the current month

Signature of Observer

Name
Designation

Signature of SDE

Sub-Division

Executive Engineer
.......... Division

Central Water Commission




Mode of sampling/Launch/Ropeway/Boat with or without O.B.E/Bridge/Wading
River Water Colour.........cccoeeeeiiiieeiiicce e
Type of Suspended sediment sampler used
Temp of RiverWater..........c.cooiiiiiiiiin

CWC/R.D.-7

Govt of India

Central Water Commission

Daily Record of Suspended Sediment Analysis

Sampling Record

Sediment Analysis

Coarse Sediment Above 0.2 mm

Medium sediment bellow 0.2 mm and above 0.075

0
c i} —
5 = s mm
(O] -lq—.') @ 2 () E — —~ E — —~
w | s ” o 0 = < 2 o N = 2 o =2
- ~— — ~—~ +— )
o o = o < = o 5 o @ - < = c 2 > = = c > N
b c = c 2 S o B @ = o = = Q c = = Q@ = ©
Sl2|ES/ Sl 2¢ |8 8|8 8| 5|8 |5/8|,%|.s| & 2|¢&],
c A g' = = s B g— =} = g 2 En S = 9 g 2 o S 2 D <
= - a9l g E b %) S] Q| o> Q S| 8 o 2> @ ® S c
5 o | © 3 B Q A c c| E oS 2 c X~ S o5 n = £
= wo| o n P ° S 2| @ =7 = g | E|e2 ) =7 “= c £ @
c = > 4= S g [0 a) u— + 8 e - | O u + S a - o
Q c e | &3 = | E|5 5|8 = | & 5 | 5| 8
. z El o] 8 5 s | g | ©]- 5 S 5 S | -
o — e = Y— = Y—
S G} § S = % S =
2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23




1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Total
Average
Weighted Concentration
Total Load (Tones/day)
Weighted mean concentration(g/l) = (Run off)x104
Fine Sediment |
Concentration of Fine Sediment (bellow0.075 mm) Dissolved Solid - Gauge and Discharge -
Details M.K.S.Unit
. . . . Initial Gauge
Weight of Filter Paper (gm Weight of Empty Dish(gram
g per (gm) 9 pty (gram) Final gauge
i i i i Average Gauge
Weight of Filter Paper + Dry Sediment Weight of Empty dish+ Dissolved solid g 9
(Gm) Zero R.L.
Average Water level
Weight of Sediment Weight of Dissolved Solid(gm) g
Discharge

Concentration(gm/l)

Load (Tons/Day)

Concentration(g/l)

Run Off Per Day

Average Velocity

Concentration (PPM)




Grade Concentration(g/l) Load (Tons/Day)
Coarse
Medium

Fine

Total

Signature of Observer Asstt. Research Officer Executive Engineer

Name. .. eereeeiees . DVISION e ees . DIVISION

Designation




division

Zero reduced level of gauge

Rock and or soil type at Site

CWC/RD-8
GOVT.OF INDIA

CENTRAL WATER COMMISSION

Sub-Division

Concentration of Medium Tota Concentration of Medium ofﬁ::igz?rﬂzzt Concentration of C‘;’E) r;‘tge
sediment (g/l) | Average sediment (g/l) Total Average o/ Dissolved solid g/l (m /S)y
Date
\%
I || || Vv . Vi | m|[Iv |V | VI | VI
Total
Average
Monthly
Total
Monthly

Avg




Weight of Daily Suspended Sediment

Coarse sediment Medium Sediment Fine Sediment Total Sediment

. . Run Off
Discharge in in 10°

m®/s Hect. M
ect. gram/lit Tons/Day _ Tons/Day gram/lit Tons/Day
gram/lit

Date M.W.L
gram/lit Tons/Day

Remarks

Total

Monthly.

Total
Monthly.

Avg
Monthly.

Avg

Executive Engineer

Asstt. Research Officer/Research Officer e
c DIVISION






CWC/RD-9
Government of India
Central Water Commission

Cross Section.......cveeeveeecceeeeveccre e,

Rock and Soil type at Site......cccvveeecenrreririneennen Zero R.L. of Gauge (G.T.S.).ccceeecerrverrreennnne m.

T Sediment Load in Tons
52
S e | (Runoff
a Ha. Coarse Medium Fine Total g’
mx10 =
. ) £ 2
1= 3 @
3 I 5 I [ 5 5
(o] o o o [J] o
[ [ = - g
& |8l = | =& 2 5| | & 2 8 | 3| & 2 & | B | © 2 S s
] ° ] o ] ] 0] ks 0] @ ] ks ) @ 0] ° 0] & [J]
S |k 2 Ll = ) S|+ | = o S |- | 2 o S | F S ] S
) b b b
o e e e
[a ' [a [a ' [a
1 2 4 5 6 7 8 9 | 10 11 12 13 14 15 16 17 18 19 20 21 22 23




1|2 3 4 5 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Signature of Observer Asstt. Research Officer Executive Engineer
Name. . DIVISION Division

Designation




CWC/RD-10
Government of India
Central Water Commission

MEAN DIAMETER OF SEDIMENT PARTICLES
Below 0.6 mm. dia.)
IMPORTANT :-This Form is to be used alone when the percentage of particles above 0.6 mm is less than or equal to 5.0 and with Form CWC/RD-11 if the
percentage exceeds 5.0.

RIVET et Temperature of water in Siltometer.......ccoocevveceevcciceceen

Y1 (I Code No.............. Field Sample NO. ..ccccoeveecceeree e

Date of SAMPING ....cveveeeeece e Laboratory Sample No. ......cccceeueeeee.

Date of Analysis ....ceeeevevievevrcereieiine

EXPERIMENTAL VALUES -INTERPOLATED VALUES
Diameter in Actual Actual Summation . . Summation Distribution Value Mean Diameters
mm Volume Percentage by Percentage Diameter in mm. Reading (=S) Percentages Plotted mm
' (C.C.) Weight & gl= & '

0.06
0.08 0.07
0.10 0.09
0.12 0.11
0.14 0.13
0.16 0.15
0.18 0.17
0.20 0.19
0.22 0.21
0.24 0.23
0.26 0.25
0.28 0.27
0.30 0.29
0.32 0.31
0.34 0.33
0.36 0.35
0.38 0.37
0.40 0.39




0.42 0.41
0.44 0.43
0.46 0.45
0.48 0.47
0.50 0.49
0.52 0.51
0.54 0.53
0.56 0.55
0.58 0.57
0.60 0.59
TOTAL

Quantity Sieved =

Quantity below 0.6 =

Initial Weight w1

of portion putin =

Siltometer) = W2

Final Weight =

Loss = (W1-Wy,

% above 0.6 mm. = (Y) 1. Total of 'S' Column = (T)

% 0.2-0.6 mm. = 2.0.61+0.0019(Y) =

% 0.2-0.6 mm. = 30.0002T =

% below 0.06 mm = (P) 0.0004P =

50% Diameter = 5. Mean Diameter =

=(2)-(1)-(4)

Signature of Analyst  Assistant Research Officer Executive Engineer

Name Division

Designation Water Quality Research Laboratory-2

Division




IMPORTANT: -

CWC/RD-11
Government of India

Central Water Commission
MEAN DIAMETER OF SEDIMENT PARTICLES

(Below 0.6 mm dia.)

This form is to be used as a supplement to Form No. CWC/RD-10 and only when the percentage of particles above 0.6 mm exceed 5.0. The
summation curve in a case is to be drawn on a compressed scale as well as on ordinary scale.

YA VZ=] Cross Section No. .....cccceceveeeee. RDucvvcve.
Y| (S Code No............ Field NO. o
Laboratory Sample No. .......ccccuc........
Experimental Values Interpolated Values Result of Slope Analysis
Diameter Summation Diameter Summation Distribution Diameter | ) Summation Distribution Aperture in Quantity retained Retained
inmm Percentage inmm Reading (=S) Value inmm Reading (=S) Value mm gms. Percentage
Percentage Percentage
0.1 0.1
0.2 0.2
0.3 0.3
0.4 0.4
0.5 0.5
0.6 0.6
1.0 0.7
15 0.8
2.0 0.9
2.5 1.0




3.0

1.1

3.5

1.2

4.0

13

4.8

1.4

1.5

1.6

1.7

1.8

1.9

4.8

2.0

4.0

2.1

3.5

2.2

3.0

2.3

2.5

2.4

2.0

2.5

1.5

2.6

1.0

2.7

0.6

2.8

2.9

3.0

Passing0.6

3.1

Total

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2




4.3

4.4

4.5

4.6

4.7

4.8
1. Total of 'S' column (=T) =
2. Highest Diameter + 0.05 (=A) =
3. 0.0001T (=B) =
4. Mean Diameter (=A-B) =

Signature of Analysis
Name

Designation

Signature of A.R.0./R.O.

Executive Engineer

e DiVISION



CWC/RD-12
Government of India

Central Water Commission

RESULTS OF ANALYSIS OF BED MATERIAL

RIVEr.uoueereeeeereeeeerernseeesennns LY £ =T Code NO.  cveveerereerereeerenne Observation Section (CL/US/DS)......ccecveeerrerernreererarseens
Date of the Sample Collected General data of the River
RL Bed Material
. e ateria
RVRL | O | W.L(GTS) | Depth | Width | Velocity | Discharge Bed Material Composition
D | of Bedl of the of m) | (m/s) | (m3/s) Composition
Dry | L€Vel | sampling | water Max l\/!m. Mgan. - E|lz|g
Bed depth(m) (m) Size Size Size :E_, £ | E o ?
S | Dateof |Lab. (mm) | (mm) | (mm) 213 Z| 8 @ _
Z |Collection|No. % g S| = 2| -|F|E
sl ElZ (8| 5| E|E|w
s|le|s5|&8|s|E|T]| =
2|3 ] S a | N | &
s || =2|a|lDo|la|2c| L
2|2 | £ 8| &
I ) = S £
= 5]
o







Signature of Lab Assistant/Analysist Signature of A.R.0./R.O. Signature of Executive Engineer

Name...ccovrcirerreeeee NaMC e bbbt ee Division

Designation bbbt eh e bbb bt et b et et aeree




Experiment No.......

Water Level Beginning........ End

CENTRAL WATER COMMISSION

CWC/RD-13

Government of India

Vertical Velocity and Sediment Distribution Experiment

To

Coarse Sediment

Medium Sediment

Sampling point

Sampling depth

Velocity
(m/s)

Concentration

Total(g) (o)

Concentration

Total(g) @/

Remarks

1

2

3

4 5

6 7

8

Surface

0.1D

0.2D

0.3D

04D

05D

0.6 D

0.7D

0.8D

09D

Total

Mean

Max.

Min.

Note-

Total- Sum of values at all decs-depth+1/2 the value of water surface

Mean:

Total

10




Summary:
1. Mean velocity by graphical integrative method (V)...........c.coooiiiiiiii, m/s

2. Mean velocity (V) /occurred at..........ccceeeevvvneen. depth below water surface.
3. Ratio of mean velocity(V) to the surface velocity................
4. Ratio of mean velocity to velocity at 0.6 depth.
5. Mean sediment concentration by graphical integration method: -
(YCoarse sediment..........cccceevvvciiiiieereeee e
(ilMedium sediment ........ccccceevviiviiiiiiieee e
6.Mean Sediment concentration occurred at:
(NCoarse sediment..........ccoeeveeeieeeeeeeeiieeeceis
(iiMedium sediment ..........cccevviieee i
7. Ratio of mean sediment concentration to sediment concentration at 0.6 depth.................
(i) Coarse sediment..........occvvveeeiiiieeeeiiiiieee e
(i) Medium sediment.........cccocveeiiiiiiiiee e

Signature of Observer Signature S.D.E. Executive Engineer

Name

, , Sub Division S B | \V; (-1 o] !
Designation



C.W.C/R.D.-14
Government of India
Central Water Commission

Physical & Chemical Specialties of River/Well Water Samples
Pollution Study of Well & River at Central Line

S
. . 3]
Pollution Study of Well & River Water Samples collected at C/L = = >
3 3 °l ® 2
o o = o c o o . = . o ; 2 i = 5 o) % s
—_— §—
2| =2 g | 2 S g || 2| < g P g | 3 2e | = S = £ ° g
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u/s
D/S
CIL
Well

Signature of Senior Research Asstt/Junior Engineer/
Gauge Asstt

Name of Discharge Site







C.W.C/R.D.-15
Government of India
Central Water Commission

.. DIVISION........ccocuvennns

RESULT OF DISSOLVED OXYZEN AND BIO-CHEMICAL OXYGEN DEMAND EXPERIMENT

Code No.

. Site

River.

Is sampler in working order............

Type of Sampler used for collecting data for Dissolved Oxygen / B.D.O. Experiment................
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22
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11

12

13

14

15

16

17

18

19

20

21

22

Signature of Observer

Name

[0 15X R

Asstt. Research Officer/Research Officer

e DiVISION

Executive Engineer

. DiVISION




CWC/RD-16
Government of India
Central Water Commission

INSPECTION REPORT

(Please do not leave any item blank. Fill up the form completely indicating N.A. against items not applicable)

RIVEI ..ot SIte. i Code......occcvvvvveenn. Date......cccvvvviiiiiieeiiiiiiiieeeen
1- FromMuis TO e

Period of present inspection:

By

2-  When was this site last inspected and by whom?
GAUGE AND DISCHARGE OBSERVATION
3- Type of navigational equipment (Boat/Motor Launch/OBE/Jet Boat etc.) in use and its condition
4- Mention if sufficient number f life buoys, life jackets, oars etc. are provided.
5- Type of engine, if any and its condition.
6- Total running hours of the engine.
7- Date of change of gear oil.
8- Verify log book and fuel consumption.
9- Comment on condition and performance of the following.
(a) Stop Watch
(b) Sounding rod
(c) Wading rod
(d) Suspension equipment
(e) Tape
(fHOther scientific and mathematical instruments

10- Leveling operation-



11-

12-

13-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

(a) Level No.

(b) Check permanent adjustment and state the result.

(c) Check zero level of the gauge and state the result

Is there standard bench mark available within easy reach?
When the site B.M. was last checked with Musto type B.M.?

Type of river Gauges (wooden/concrete/steel/enamel plate/vertical/inclined/permanent/temporary etc.) and their condition.

Describe the river condition at site (Please indicate the number of channels, prevailing flow conditions including overflow of banks, river morphology, erosion
problems, if any, etc.)

Describe method of segmentation

If pivot-point lay out is existing, has it been checked for the correctness? If yes, when and by whom?

If a cable way or cradle exists? Indicate its condition.

No. of current meter, make and its rating equation.

General condition (please indicate if the current meter and its accessories are in working condition without any damages)

Can the observer handle it efficiently?

When was it last re-rated?

Check spin before and after use and record result.

No. of check meter, make and its rating equation.

Mention the result of complete joint observation with both meters and record result if done during the inspection and enclose both discharge observations.
Possible reasons for the difference in two results and remedies suggested.

Submit a statement of daily gauge, discharge and value of ‘c’ ‘s’ and ‘n’ (manning) for the last ten days and comment on the data with detailed reasons for variation, if
any.

FIELD SEDIMENT OBSERATION AND ANALYSIS.

Type of suspended sampler used and its condition.

Whether the samples are connected from 0.6 D? if not, state the sampling point and reason for non-collection of samples according to the prescribed norms.

Describe the arrangement for keeping the samples in the boat and the carriage of samples to the laboratory.



31-

32-

33-

35-

36-

37-

38-

39-

40-

41-

42-

43-

44-

Make joint observation with the observer and record results.
Distance between the site and silt laboratory.

Is the laboratory kept neat and in proper order?

Check all the instruments in the lab and give your comments, if any.

(a) Physical balance

(b) Chemical balance

(c) Meter

(d)Weights

(d) Other instruments

Is laboratory fully equipped? If not, mention the apparatus required.

Has any special experiment been conducted? If so, state the nature and number of experiments conducted and suggestions for improvement, if any.
Has bed-material survey been conducted at the site? If so, state position and number of samples collected during the month.
Is the bed material sampler in working order?

WATER QUALITY WORK

Number of sampling sections and their location.

Number of samples collected from each section and exact position of sampling (width-wise and depth-wise)

No. of tests conducted at site and the comments of the inspecting officer thereon.

Number of samples sent to Division/Circle laboratory and purpose thereof.

RAIN GAUGE

Type of rain gauges and their conditions.

Whether the rain gauges are installed as per prescribed norms (please indicate if the site is free from obstructions.)
Check the working of the self-recording rain gauge.

WIRELESS STATION



45-

46-

47-

48-

49-

Mention the type and condition of wireless et at site.
Mention the condition of the building and its surroundings.
Condition of the battery in use.

Condition of the generator, if any.

Condition of the mast and antenna.

VI GENERAL

50-

51-

52-

53-

Have the points noted in the last inspection report fully attended?
Have the data in relevant formats been sent by the JE/RA promptly and regularly? Please indicate the action taken in cases of delay.
Examine all records maintained at site (including attendance register) and point out shortcomings.

General remarks and suggestions.

Signature of Junior Engineer Signature of Asst Research Signature of inspecting officer
Name Name Name
Designation Designation Designation

Date Date Date



STANDARD OPERATING PROCEDURE FOR
GAUGE & DISCHARGE OBSERVATION



¢ A (G) e & foIT Ade Hdradd Ufshar

Wlﬂsru'éaaﬁsaﬁorssaﬁazﬁaaanmﬂaazﬁugﬂmaﬁm

RROT 2,35 QIEC & SEAIRAT (verticality) 3R &A@ (stability) & forw Sra=ar anfeu|

’ROT 3,357 UddeTeh a¢r d U A9 W o TR bl gean |, 3R Apead 1 Feht g Rais
P TG el Pl TR TR &, UJ8Th 91T 30 Hebs T 3y & T & SaR-Terd dl
I # @A §U 3NFA TR BT 3ol BT |

TROT 4351 T RAET T AMUeT dd (R.L) P B & dg T A= anfew| Ifg o1 Jfsar
7.560 m & 3R LT AU I ("I HH SI") 63.00m & @ T FAX 70.560m FATAT SATAT
aifeu] P M AT S T TR AU H I GATTIT X Fobell & , 38 feouoht wraa 7 gfaa

"ROT 5,357 uddete ufafea dier ar 0800, 1300 31X 1800 gel & N Sami

TROT 6| ATTHA & ANGA & R A B W b Ugar aifev 3R Ra §-Rad@ (e-swis) F gar
PR AMPT TAT el FH P AT AR

RUT 7.| hdel dIEdTdeh 3Tdcllehed 3¢T col [hIT ST arfew| o AT Ser adr form =—m 339
A & T Reh TUF DT 0| U7 ferqol) didd #H BRU 6 gof fhar S|

TROT 8/UcAD HISC & FH 3T Bl 3U-H HTABN gGRT Jid eSWISH Gof fopam Simaam|

"ROT 9. A & fAIfAT 3MUR o MTBM & 1Y Jrg i St Tmfeu|




Tara (D) & ow A Tdarad gihar

- T, &Y. & 4. (ADCP)

o IcAEY RT

o T TR RAfY gro



afa [AEEROT W80T (Daily Discharge Observation) & foIlT HATAR
garad ufehar (D)

T. 3. A. @ (ADCP) ERT

RROUT 1. EI8glditoihe 3dellhe] & folT 3MTaTd HAANT A4 & fFaaR Uld:  08:25 I ddb
Atger Gt 31 TUT AR b dIe AT ygd S|

TROT 2| TSl Jraeliehed e 08:30 Tl H Y& AT AT

"ROT 3,351 (u/s 3R d/s 3T o) &7 Searerar AR BeRar & W g Jra & seed| ae &
Ted R ag A g AT A SA T FA TP a¥ # & I8 MTBM & T AT T S0 |
AR AT P Aheaddm dTdd & U FAAFT T T =T ST AR

TROT 4. S & HATETH & olUCIT , ADCP 3R GPS SEZHCH hl HTUH dhATFeiadl &l Ugel &
U Y AT IMET| ADCP &l BIZeR AN H FASTLN & SN FAr @ifew 3R 38 g § gLad
I qYS & IIG & U B A W Rl a1feu| I© 8:30 To ADCP Tl & STl ARy |

TROT 5. TSN & AT H, Ig AT HLT BT fob I Ul & HAg &l oIlar Jdl ol

RROT 6. 1T of STl & Ugel ADCP HIFCAIX (SI WinRiver- 1| 3ca1G) #H @TSC &1 A1, s, fafY,
NS ST TAPRT FEAT ATl
TROT 7. YEIATT H AET & fhaAX § oAbt BIgear dlST Tdeh &l gl Dl AFCdI A TS iRl &
O H ACT AR 7 ST A1l
AROT 8. AT T ol Nl s W ALl & Teh AR & g dep el (@ i of S =nfeu|

3R dedd IS YW@N W A & IR-UR AT THT 1 & @ U/S AT asA AT D/S ST s
STel 8 T AT I A9 @ & T 3Ueey §, 38 AT o hdl &

TOT 9, g O W, R @ a4 & AR & iR a1t e i gl &l dAvedR F T
PRI & & F AT 3R W ST AT

”RUT 10, ATT Pl Ugel ©R W R & @1l Y@r & amam S &1




TRUT 11| Ul ©R U 37 & a6 WinRiver GFedIX A ADCP B&arer #1T ufshar “END” e
W [T dh d¢ A & AT &1 g Brare dueia & AT forar Srar € 3R geer Srar
Tl

RRUT 12, T oI-3Earal hd & 1T A hHA T hA Th IR AIfAT &7 @ 3ruse fopar smwan
3R Tse fPa # Ruerr sree|

TROT 13| AT IR IR AT & Tgel 8! & hrA I Dl A1 arfew 3R ase it
# RueEr aifeul

TROT 14, W1EC W AT 7T FH 3T A A eSwIs F got o Sream|




¢fa [AEEROT W&IUT (Daily Discharge Observation) & foIlT AR
garad ufehar (D)

PeHIET gRI

RROT 1.8 i AU W, TS (d) P Ugel AT ST ATfev|

”RUT 2./39% T, Ucddh hig JaRIA UL 0.6d UL Pie-Hed Pl a1 fopar S anfer 3R ger
P I T Ug BH A HA 30 Yhs & AT dle-Ae B [T FLaT a1feu|

TROT 3,9 & Ueh 3N & Ueh g FeAT el & T8 0RD AT ST 1 Gof WX "0 RD" & U
ﬁmmm(segment)mm%lWQWWWW%HﬁEﬁmwOW
T HAE AT FA T FA 15 @S gl aifev| 3R TS i dlei 180 Hex @ 7w § aOF A A
BA 24 WS g AMfeU| A BIS Yol AE &, Al WS AR AT TEA &I 3T b AR fomar
ST =]

RRUT 4, BEATS U & Ugd AT (AS) BT Fd-TaX) dAle fohar Jrar &1

"ROT 5.8 Qe & s A1 oY IEAT 3R gl 1 St FEsT AT A1g ¥ IS s gru
e & Ay Frr

TROT 6., hic X Bl dEex & U Fafda fgsit (+ 3R -) W dhae a1 ol aR grRo
ST ST & 3R 0.6d T IR W Uiy F TehET AT &l

TROT 7.3fET T & 91 Ui A & fow , Bioed FER &1 g@en 39 Re a7 fRar S
afes §HF 30 Ahs & 70 Vb3 & NI IaT |

TROT 8./ hic Hex I T F AT X AT m/s A Ut AT ST &1 39 e Ucdeh W@s A
TS 3R A9 Arar ST B

TROT 9, FEETTSl ATGAT WedA A & a1g A AT A g Ale fpan arar & 3R sl A &
feuat &t A frar ST1ar &1 FH YE A A tgd o i M & Fua i s H S B
g s Fua @ 110% ¥ 396 a8 S @ifew 3R 38 90 FF fGadt & ag I3 & fow
AT S =Rl (“Gor 180 feAT / 90 P f&adr / 300 €S & AN & A’ H @ Sr A
uEe @)




’IROT 10, IRITS X A7 I At & Torede & forw & S 8

AROT 11/ 3cUTGT l 3TH [IHS F IO b Fol BEarst urg fopan arar &

"ROT 12| aEdtae &7 3R Brare & “oRar us fBrars &1 U faRa” Hie Ut fhar Sirar
el

RRUT 13, T oI-3Earal d & 1T A HHA T hA Th IR AIfAT &7 @ 3ruse fopar smwan
3R e 3ifhg & Ruerr S|

TROT 14| ATAGA 3R N AFTHT @ Ugal A7 & A TR Bl A0 aifer AR @rze 3ifha
# RueEr afRu]

AROT 15 F1EC W AT 7T T 3T A A eSwIs # got o Sream|




¢fa [AEEROT W&IUT (Daily Discharge Observation) & foIlT AR
garad ufehar (D)

Toiig oir Afer gra

RRUT 1| TIY Ugel Tl T IUTAT 34Tl Sdol AT U/S AT D/S AT & ATCIH A &I Sl &

RROT2./87F &Y 0T C/STE & HARIH § H ST &l

RRUT3.,N T AT NaT-9 Tax & 3maR W} [FaiRa fhar amar &1

TROT 4, EEATST I 01T & forw AfAer wiefer &1 3urer foRam ST §

4.
1 2 1
Q —NxR3 xS2xA
Stel
Q -> faEgeT

N ->#fFT 3= (Manning’s constant)
R ->grssifad Al TS = T / o), Sgl @t -> aer oRfY
S ->Felly

A -> &7 (cross-section area)



¢fa [AEEROT W&IUT (Daily Discharge Observation) & foIlT AR
garad ufehar (D)

afder gra

TROT1|7ET & Teh BR @ @Y OR T Teh dR el el &

RRUT2|a<T &l TS & 3MUR W TS (segment) IATT ST &

TRUT 3. U WS & s (d) AfEar I grRr AmAr Jar 1
TROT 4Ucddh @S H 0.6d IS TR AN (v) BT AT ST & R RIS (d) F Ion frar Srar g

(vxd)
A Ig URhAT Pie-FAed T AEE0T Jua & FAT & h 1S aua & o A s o
SEIATS BT &




cfa fAEEIT W&IUT (Daily Discharge Observation) & folT HATAH

Hdreld_ufehdr (D)

Fallc gRT

TRUT 1.

JET W herT T Y@ (central gauge line) § dddd M H HFIrT & U /SH % 50

g7 100

T 2,

T 3,

T 4.
¥ om

Hrex W @aT fpar e &1

100 HeX u/s F TP T Folle Pl AT &l

TeUdrd ¥ oIhel Bl Falle thahed &l THI Al HY ToldT ST &l

AT (v) I IOTAT g B HHAT @ HIT dleh &l STl & 3R 3NFT 991 6T a0 0.89
BT Hr AT B

TROT 5579 Fellc &g Y@ ¥ T 3T & al DT P HFIE H dAle 6 A1ar &1 dofig

P ATCTH ¥ RD (= 100 TUXSAT @ , =100 tan@) T 0T 6 FAT Bl

TIUT 6.

38 UhR Feile 1 fafdeer g3t w Behapt & a7 (v) 3R RD AR fohar rem 2

<OT 7.

3RET T AT (RD vs v) BT ITH JeATU| ITH HI A T, UcAdh 10, 20, 30 Hel 3T

W, d97

B UAaT & AeIH ¥ AUIRa fhar Smar g

TIUT 8.

P AT & ATCTHA F, 8T T 01T T AT &

TUT 9,

fSearst o1 3R &7 @ o > e Sar B



0T 1.
q ugel

YOT 2.

RIOT 3.
HAET &h

daoe & v Alde ddarad gishar

USld 280 dice TR &l ford off oichal a1 @yl & forw @mse 30ifthd @ I
UPh I ol ATRT|

Jcdd SCATUR | FAHAT Bl 0.6 TeXTs & Thd fohdT S AT

TR T 3T FAHA T AT B didel I AFT & TTT ST drfel 3R IJg dider
80% & 90% & e AT AR S T & 9 ¢S el & HAA A FIHAT B

IERPR & fear Sar anfer 3k T @ wae fohar Sirar =nfew|

TUT 4,

TUT 5,

<UT 6.

5LUTE & SO THAT THAT § eI Bl &

Te 3T ohdT §3MT Ul 319 100 Td 200 HATShIA Sefell § BIAT ST T

100 HATSHIT ToAell 3 200 AP Sl BT ST hAA: ALIH MG 3R AR e

P BT & oo fRam Jrar &

TUT 7.

<IUT 8,

& @relt URifoid 39T & a7 3Ueied RIS & 3UANT dXeh Ale fhal J1dT &
3T Tl arel Bee (A 3R 7A%TH) & 34 g i BAFT & 3rcter-3179 W@

ST B

TIUT 9,

Orifer f3RST 319 3aa & g@U S &

TIUT 10.

@ 999 R dier S &1 @rell adal 1 a9 30 a9 ¥ g ST &

TUT 11.

e (A / ALIH) A Figdr T Ha & o 5 @ nfaa fear sar &)

TROT 12, fiheehll &l o gU Ul & alelel & dig o1 fear o & 3k 24 5¢ & fow @

ST &l

TUT 13,

3Tl f&d v g@ fhecy 9 & a9t arar AR dAle fhar Jrar &

"ROT 14,0 W & g & foaford foer far e ol 9R-49R R arar &

TUT 15.

IJda & A 6 e B heed T W UR-UR 91 F7ar B




TROT 16, 3 heey AW ! @ 3R dier Sar & 31 @rell g@ fhee AW &7 a9 389
eI ST & R Ut A @ 5§ et fRar Sar €1 36 UBR ged e d digdl JH
/ e # g fear S &

e &l AR “1 Ufd f&a” & g el & fow f3Eamst @ 0.00864 € UM foham ST & 3R
sgfoT T 3wt o ¥l

CSEE

Rice oz = 3&arel x0.00864 x AGAT x 10000
ST,

Beec % ton/day & &I

TR0 m¥/s # B

Tigar g/LHF &I



FAX-1 hr yaterermen 3 deufeinr g Refey wdisora g@fa A gaan

JFyfeiar Fr fafdy: - gareremer & T R T wliaTor T & forw urr: i TR & ST A&t &

aidell &l ST Bidl & ToTae 3

1A WA & w8701 F forw 1000 [Aefelex & canfees i aide | |
gferd 3TeFdTSTe (81.31.) & gdiator & forw 300 fAelieliex Y s & it 1. 3. ade |
e StTareh GiaToT o TorT ahier <hr 125 faellellcy &l gt daidel |

At PR & Aget F dufeier = Hir i FeT ypr 1
1. AT RIA (T, TR T4 3 T Rrafiex) & adaroreg

3T A h o0 AGT T TISTS T 1/4, 1/2 TAT 3/4 HIT R I |

e T 30 EIHT A= T 37e197-37619T AUl Th fohar S|

R il ol Tep aTedt A FHeTe T haruifoie Ho0el dIR fohar S|

3 PhulToie el & 1000 Feleliey T TafEea & didel HRa TITRITET H 3T |
=g HFT T TRl H FTAT Rrefiex ford S &1

2. 8130, TE .30 &Y. TheroTEg-

T AHEAT AT h AL AT R HAE H 30 YeIoied A & it 31, 3. dicdol # Teh |

AT T8 3 il didell A PIS a1 DT JAgell el aledl ATfeT | THDY ST o Al P Soel
b g |

SHA J TR dicdel H 3T, 31T, T gdIeToT d1se (insitu) W E A |

Ife FE ™ Tda dr 38 1 At MnSO, a1 1 feh. Alkall iodide azide SreT &1 (fixation
of DO

=g a1 &Y. 3. dictell # o M F fHTg|

379 57 1T ScTell Y IS a1 F T o 1Y (4° ¢) TEHT TIATRATT A AA |

3. GEH AT (Frehel T Sheel Plelihra) TH&T0T g

3 FAH P A b HALT W W Folg § 30 A &d § Tehd i

g Aol ol SIITHdT 25% HTIT Wkl W |

3H EASHA Aidel Bl Teg[ATAIA & Fargel # oUT Sl

gHD dIG GEFASNA! didel Bl HSH dird # a% & Y (4°c) TWHT YA H Aol

SWRIh STl AHAT TAh ATE & YIH B fGad W o, FaIdd T ¢os TUcll U dAT 11 T 21 IRIE i
had Felrd TI U Tehd fohd S|



T-1 Y g & tRefe udigTor e & fafdr

rée WY T8AUT TIX-1 B GAPIRMT & eatai@d 6 Urefiex o1 st fopam sirar &1

T, 374, AUHAT, Qo e arerehar (3.8, T gierd merdiere (H.31)

1. T:-100 fAeleNeT & Pid & e H AHAT leh T H W31 3R 1971 Y ST Y o9t
2. Y- SURD S1h o STl Dl HH AT I FY UgdTe Hial|

3.

4. ULUw:

ATTATA- STRIH ST b STel A YATHICT Dl A S o b AUch FAT foh ATTATH &4 o |

o JAYYH T P e A 100 THeleex STel AT o |

o T UL TT. A & FEaa 31T b e  gard|

o Ul Ta. HIX I BT W W T TR W TSidhs T deg;, & S dl 39 dog Y Alc A o
g it va. deg ¥

o W TT. X Pl FFaa 3iTh Hh @S|

g =rerepar (.41.):

o  TIUYH BT & T H 100 Ao STel AHAT of |

o TRT .. HreT &1 Faw 31 i et A Zar|

o 3 I HI HhIA W W ST Thid WX feeieh el deg, & ST dl 3 o Bl Al el TeT §.
. deg B

o S e P aT 3T FIH @S|

gferd Aerdiata (E1.30):

o  JAUAH I 3. Ao & Y Pl WA 1 fael. MnSO, dT 1 T, Alkali iodide azide solution
foremaat|

o R 38F HU P dog B 3T A o TTd fof @ A # Hfdpa i I 3R 394
fpTee g7 §U AR 34|

o 3Tk UHTd Y Pl Wrerah 1 fel. H,50, e 3R &hu geg ¥ 3R 3 & ke 5o i
fehEceT 3HH el S|

o 319 3HKD dIG AT ez T 100 fHel. 58 faeraa &l ol TAT HifAdel Folled H 3Teldl|

o A SHH 4-5 g T STeldl TTH TAerTe o1 T9T ITRRT ATell & S|

o MR egic# Aifsad I aethe (0.025N) 31T
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Standard Operating Procedure for Daily Gauge (G) Observation

STEP 1. The Gauge observer should reach the observation gauge by 07:55 AM.
STEP 2. The gauge post should be checked for verticality and stability.

The gauge observer will read the water level at an external staff gauge
located directly in the river, and record to the nearest 1 mm. Where the water level
is unstable, the observer will assess the mean level by noting the level fluctuation
over a period of approximately 30 seconds and take the mean average.

The reporting of gauge should be done after adding the reduced level (R.L)
of gauge. For e.g. If gauge reading is 7.560m and “zero of gauge” is 63.00m then
water level should be reported as 70.560m. Any issue which can affect the water
level measurement work should be reported in remarks column. For e.g. Scouring,
flood damage, weed growth etc.

STEP 5. The gauge observer will take readings three times daily at 0800, 1300
and 1800 hours.

STEP 6. During monsoon season, hourly readings should be taken and
communicated as soon as possible.

STEP 7. Only actual observed data should be recorded. Blank space may be left
for unrecorded period with reasons recorded in remarks.

STEP 8.| All data for each site shall be entered in eSWIS immediately by the Sub-
Divisional Officer under his/her jurisdiction.

STEP 9. The gauge posts should be checked with MTBM on regular basis.



STANDARD OPERATING PROCEDURE
FOR DISCHARGE (D) OBSERVATION

e By ADCP

e By Current-meter

o By Slope Area Method
e By wading

e By Float



Standard Operating Procedure for Daily Discharge (D)
Observation by ADCP

STEP 1. The staff required for hydrological observation shall be present at the
bank of the river by 08:25AM after completing the meteorological data collection
exercise, if any.

STEP 2./ The discharge observation should commence by 08:30AM.

The verticality and stability of U/s and D/s gauges shall be checked on
every day. All the gauges shall be checked with MTBM twice in a year before and
after floods. The temporary gauge posts should be checked routinely with nearest
benchmark.

STEP 4. The connectivity of laptop, ADCP and GPS instruments through
Bluetooth should be checked beforehand.

THE ADCP should be firmly attached in fiber body and floated on the water
surface after securely tying it with boat and switched on by 8:30 AM.

STEP 5. In case of ADCP, it has to be ensured that it touches the water surface
continuously.

STEP 6. The details of site like Name of site, code, date, Gauge should be filled up
and checked in the ADCP software (like WinRiver-II etc.) before moving the boat.

STEP 7. The distance from the river edge to fiber body should be measured and
filled up as End Correction in the software.

STEP 8. The boat should be moved in straight line on Central gauge line from one
bank of the river (single channel) to other. The u/s gauge line or d/s gauge line
may be chosen, wherever single channel is available for rowing the boat.

STEP 9. At the other end, again the distance from river edge to fiber body should
be measured for end correction.

STEP 10.  Boat is brought back to first bank in straight line again.



STEP 11. At the first bank, WinRiver Software ADCP discharge measurement
process is stopped by clicking on “END” button. The Average discharge is noted,
printed and saved in the laptop.

STEP 12.| Stage-Discharge curve shall be updated regularly at least once in a year
and pasted in site office.

STEP 13.| Before monsoon and non monsoon proper cross section should be taken
and pasted in site office.

STEP 14. All observed data for site shall be entered in eSWIS immediately.



Standard Operating Procedure for Daily Discharge (D)
Observation by Current-meter:

On every cross section, depth (d) should be measured first.

STEP 2. After that, on every cross section at 0.6 of the depth (0.6 d), the
current-meter should be lowered and allowed to stabilize for at least 30
seconds before taking observations.

A point is chosen from the Left Side of the bridge where O (zero) RD is
undertaken. Segments are drawn on the bridge using measurement tape from
“0 (zero) RD”. It should be noted that there must be at least 15 segments, if the
River Width is less than 180m and 24 segments if the River Width is more than
180m. If there is no bridge, the segment is drawn using wire or rope.

STEP 4. Before discharge, water level is noted.

STEP 5. The depth for every segment in meter is obtained either by rope and
weight or Eco Sounder or Sounding Rod from the boat.

STEP 6. The current meter is connected to digital counter by cable or flexible
wire on their respective points (+ and -) and is hung in water at the depth of 0.6

d

STEP 7. To obtain velocity from the Rating Chart, Revolution is fixed on Digital
counter such that the time must be maintained between 30 sec to 70 sec.

STEP 8. The velocity of the matching point (before the time below the current
meter rating chart to Revolution) is obtained in m/sec. In this way at each
segment the depth and velocity are obtained.

Gauge reading is noted just after the discharge ends and the current
meter’s spin is checked. The spin of the current meter is also checked before
the work starts. It must not be more than + 10% of Rated Spin and it must be
sent for Re-rating after 90 working days. (Earliest of total 180 days / 90
working days / 300 hours of use)

STEP 10.| The counting of Depth X Velocity is done for every segment.



STEP 11. The total discharge is obtained by multiplying the products to
common segment.

STEP 12. The genuine Area and Discharge are obtained by doing the End
Correction of Area and Discharge.

STEP 13.| Stage-Discharge curve shall be updated regularly at least once in a year
and pasted in site office.

STEP 14.| Before monsoon and non monsoon proper cross section should be taken
and pasted in site office.

STEP 15. All observed data for site shall be entered in eSWIS immediately.



Standard Operating Procedure for Daily Discharge (D)
Observation by Slope Area Method

Firstly slope is calculated through auto level or through U/S or D/S
gauge.

STEP 2. Area is calculated through C/S chart.
STEP 3. Value of N is determined on the basis of bed level.

STEP 4. Manning formula is used to calculate the discharge.

Formula:
1 2 1
=—xR S2x A
Q Nx 3 xS2x

Where, Q -> Discharge
N -> Manning’s Constant
R -> Hydraulic Mean Depth = A/P, where P -> wetted perimeter
S -> Slope
A -> Area



Standard Operating Procedure for Daily Discharge (D)
Observation by Wading

STEP 1.| A wire is fixed from one end of river to other.
STEP 2. On the basis of width , segements are created.
STEP 3. At each segment depth (d) is measured by wading rod.

At each segment, at 0.6d depth, velocity (v) is determined and
multiplied with depth. (v x d)

Note: This procedure is similar to the measurement of discharge through
current-meter. Only depth is measured through wading-rod.



Standard Operating Procedure for Daily Discharge (D)
Observation by Float

STEP 1. From centre line of river in perpendicular direction compass is erected
at 50 or 100 m at U/S side.

STEP 2. From 100m U/S wooden float is thrown.
STEP 3.| The time is noted in stopwatch when the wooden float is thrown.

STEP 4. Velocity is calculated by dividing the distance with time and mean
velocity is 0.89 of calculated velocity.

STEP 5. When the float is passed through centre line then angle is noted in
compass. Through angular method, RD (=100 tan ¢) is calculated.

STEP 6. In this way, at different points by throwing float, velocity and RD is
determined.

STEP 7. Draw graph of RD versus velocity. With help of graph, at every 10, 20,
30m RD, velocity is determined through interpolation.

Through cross section, area is calculated.
STEP 9.| By multiplying area with velocity discharge is calculated.
y plymng y



Standard Operating Procedure for Sediment

The Punjab type bottle sampler should be checked before moving out
from site office for any leakage or defects.

From each vertical, sample should be collected from 0.6 of the depth.

The volume of collected sample should be checked with the volume of
bottle and it should be between 80% to 90% of the bottle volume. In case of
partially filled bottle, the sample should be rejected and collected again.

STEP 4. 5 L of water is to be separated from the above collected sample water.
STEP 5. This separated water is now sieved by 100-200 micron sieve.

STEP 6. 100 micron sieve and 200 micron sieve are used to sieve medium silt
and coarse silt respectively.

STEP 7. The weight of two empty porcelain dishes is noted using the available
weighing instrument.

STEP 8. Now the sieved silts (Coarse and medium) are kept separately in these
two porcelain dishes.

STEP 9. The porcelain dishes are now dried in oven.

STEP 10.| Dried porcelain dishes are then weighed. The weight of the empty
porcelain dishes is subtracted from this weight.

STEP 11. Further the silt (Coarse/Medium) is divided by S to obtain the
concentration.

STEP 12. Alum is dissolved in the remaining water (left after sieving) and is
kept for 24 hours undisturbed.

STEP 13. The next day a dried filter paper is weighed and the measurement is
noted down.

The clear water is dropped slowly without disturbing the silt at
bottom.

STEP 15. The silt in the bottom of the vessel is washed slowly on the filter
paper.



STEP 16. Further the filter paper is dried and weighed and the weight of the
empty dried filter paper is subtracted from it and the obtained measurement is
divided by 5. Thus the Concentration of fine silt is obtained in gm/L.

To obtain the Load of the silt (ton per day), Discharge is multiplied by 0.00864
and so the Run Off is obtained.

Formula:

Silt Load = Discharge x 0.00864 x Concentration x 10000
Where,

Silt Load is in Ton per day.
Discharge is in m3/s.
Concentration is in g/L.



General Instructions for Sampling and Parameters analysis at Level-1 Laboratory

Sampling Process: Following 3 Types of water sample bottles are required for analyzing all the

parameters:

1.
2.
3.

1000 mL plastic bottle for general parameter
Three DO glass bottles of 300 mL for DO analysis
125 mL bacteriological bottle for bacteriological analysis

Sampling Methods for these 3 types of bottles are as follow:

1. For the testing of General Parameter (Cations, Anions & Other Chemical Parameters)

For this sample, river water may be divided into 3 parts: %, %, and % across
X- section

Sample should be collected from 30 cm below the surface water on all three
sections.

A composite sample is prepared by mixing these three samples in a bucket.
This composite sample is filled in 1000 mL bottle to be sent to laboratory.
General Parameters are analyzed in laboratory using this sample.

2. For DO and BOD test

This sample is collected from middle portion of river water at the depth of 30
cm in 3 DO bottles.

Precautions must be taken so that no air bubble should be there in all 3 bottles.
In situ test of DO should be done at site for one of the bottle.

If the test of DO is not done, add 1 mL of MnSO,4 and 1 mL of Alkali iodide
azide solution to fix the DO.

Do not add anything in other two bottles.

Keep these three bottles at 4 °C in an ice box and sent to laboratory.

3. For bacteriological (Fecal coliform & Total coliform) analysis

This sample is collected from middle portion of river water at the depth of 30
cm.

One fourth (25%) of sample bottle must be kept empty.

This bacteriological bottle should be covered using aluminum foil.

Keep this bacteriological bottle at 4 °C in an ice box and sent to laboratory.

Above Water sample must be collected on 1% working day of the month for trend, base and
flux stations and on 11™ & 21 of month for only flux stations.



Method for Parameters analysis at Level-1 Laboratory

Following 6 parameters are tested in level-1 laboratory at site:

Color, Odour, Temperature, pH, EC, and DO

Color: Sample should be taken in a glass beaker of 100 mL and color is decided by looking
at the sample carefully

Odour: Smell the above beaker water and recognize the odour.

Temperature: Thermometer is dipped in above beaker water for few minutes and note
down the temperature.

pH:

First of all take the water sample in a glass beaker.
Switch on the pH meter and dip it in this beaker.
Note down the pH value shown in pH meter screen.
Switch off the pH meter and keep aside.

Electrical Conductivity (EC):

First of all take the water sample in a glass beaker.
Switch on the EC meter and dip it in this beaker.
Note down the EC value shown in EC meter screen.
Switch off the EC meter and keep aside.

Dissolved Oxygen (DO):

First of all open the DO Bottle and add 1 mL of MnSO,4 and 1 mL of Alkali iodide-azide
solution.

Close the cap of bottle and mix it well. Crystals will be visible in bottle.

After that open the bottle and add 1 mL of H2SO4 and mix it well to dissolve the crystals.
Measure the 100 mL of this solution using a measuring cylinder and keep it in a clean
conical flask.

Add few drops of starch in it so that color of the solution turns blue.

Take the sodium thiosulphate solution (0.025 N) in a burette.

Add this sodium thiosulphate solution from burette to the blue colored solution of conical
flask drop by drop till the blue color disappears.

Note down the used volume (mL) of sodium thiosulphate solution from burette.

To calculate the DO value (mg/L) multiply the above volume (mL) of sodium thio sulphate
solution from the factor depending on Normality of sodium thiosulphate.




LIST OF CHARTS, REGISTERS & MAPS
TO BE DISPLAYED AT THE SITE
OFFICE
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Gauge Site (G)

Basin Map.

Jurisdiction Map.

Site Plan.

General Information/ Hydro Meteorological/ Salient Features.
Inspection register of officers.

Pre-monsoon v/s. Post-monsoon cross section of river.
Superimposed cross section of river for the past 5 years.
Daily Max. Min. Temperature chart.

Organogram showing posts at site like JE/Observers/ SWA.
Catchments map with project.

. Minimum and Maximum Water Level (S Years, 10 Years).
. Rainfall Chart.



Gauge-WQ Site (GQ)

—

. Basin Map.

. Jurisdiction Map.

. Site Plan.

. General Information/ Hydro Meteorological/ Salient Features.
. Inspection registers of officers.

. Pre-monsoon v/s. Post-monsoon cross section of river.

. Superimposed cross section of river for the past S years.

. Daily Max. Min. Temperature chart.

O 0 N & U +~ W N

. Organogram showing posts at site like JE/Observers/ SWA.
10. Catchments map with project.

11. Minimum and Maximum Water Level (5 Years, 10 Years).
12. Rainfall Chart.

13. Water Quality Parameters (quartile Box-whisker chart).
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Gauge-Discharge Site (GD)

. Basin Map.

. Jurisdiction Map.

. Site Plan.

. General Information/ Hydro Meteorological/ Salient Features.

. Inspection register of officers.

. S-D curve of current season.

. S-D curve (Superimposed) for S years.

. Stage v/s Area (c/s), mean Velocity, 'N' Slope (current season).

. Discharge v/s Area (c/s), mean Velocity, 'N' Stope (current season).

. Bar chart of ten daily flows.

. Bar chart of monthly flows.

Bar chart of Annual flows since inception of site.
Pre-monsoon v/s. Post-monsoon cross section of river.
Superimposed cross section of river for the past 5 years.
Daily Max. Min. Temperature chart.

Stage-Duration of flow chart.

Current meter Calibration register

Vertical velocity distribution (V.V.D) Experiment chart.
Organogram showing posts at site like JE/Observers/ SWA.
Catchments map with project.

Flood Hydrograph of recent monsoon.

Minimum and Maximum Water Level (5 Years, 10 Years).

Rainfall Chart.



Gauge-Discharge-WQ Site
. Basin Map.
. Jurisdiction Map.
. Site Plan.
. General Information/ Hydro Meteorological/ Salient Features.
. Inspection register of officers.
. S-D curve of current season.
. S-D curve (Superimposed) for S years.
. Stage & Discharge hydrographs.
. Stage v/s. Area, mean Velocity, 'N' Slope (current season).
10. Discharge v/s. Area, mean Velocity, 'N' Stope (current season).

11. Bar chart of ten daily flows.

. Bar chart of monthly flows.

. Bar chart of Annual flows since inception of site.

. Pre-monsoon v/s. Post-monsoon cross section of river.

. Superimposed cross section of river for the past S years.
. Daily Max. Min. Temperature chart.

. Stage-Duration of flow chart.

. Current meter Calibration chart.

. Vertical velocity distribution (V.V.D)Experiment chart.

. Organogram showing posts at site like JE/Observers/ SWA.
. Catchments map with project.

. Flood Hydrograph of recent monsoon.

. Minimum and Maximum Water Level (5 Years, 10 Years)
. Rainfall Chart

. Water Quality Parameters
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21

Gauge-Discharge-Sediment Site (GDS)

. Basin Map.

. Jurisdiction Map.

. Site Plan.

. General Information/ Hydro Meteorological/ Salient Features.
. Inspection register of officers.

. S-D curve of current season.

. S-D curve (Superimposed) for S years.

. Stage & Discharge hydrographs.

. Stage v/s. Area, mean Velocity, 'N' Slope (current season).

. Discharge v/s. Area, mean Velocity, 'N' Stope (current season).
Bar chart of ten daily flows.

Bar chart of monthly flows.

Bar chart of Annual flows since inception of site.
Pre-monsoon v/s. Post-monsoon cross section of river.
Superimposed cross section of river for the past 5 years.
Daily Max. Min. Temperature chart.

Stage-Duration of flow chart.

Bar chart - Annual sediment load.

Discharge v/s. Sediment load graph (season-wise).
Current meter Calibration chart.

. Vertical velocity distribution (V.V.D),Vertical sediment distribution(V.S.D)

Experiment chart.

22
23
24
25
26

. Organogram showing posts at site like JE/Observers/ SWA.
. Catchments map with project.

. Flood Hydrograph of recent monsoon.

. Minimum and Maximum Water Level (5 Years, 10 Years)

. Rainfall Chart



Gauge-Discharge-Sediment-WQ Site (GDSQ)
. Basin Map.

. Jurisdiction Map.

. Site Plan.

. General Information/ Hydro Meteorological/ Salient Features.

. Inspection register of officers.

. S-D curve of current season.

. S-D curve (Superimposed) for 5 years.

. Stage & Discharge hydrographs.
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. Stage vis. Area, mean Velocity, 'N' Slope (current season).

—
o

. Discharge v/s. Area, mean Velocity, 'N' Stope (current season).

—_
—_

. Bar chart of ten daily flows.

—
N

. Bar chart or monthly flows.

—
w

. Bar chart of Annual flows since inception of site.

—
N

. Pre-monsoon v/s. Post-monsoon cross section of river.

—
a1

. Superimposed cross section of river for the past 5 years.

—
o)

. Daily Max. Min. Temperature chart.

—
~

. Stage-Duration of flow chart.

—
oo

. Bar chart - Annual sediment load.

—
O

. Discharge v/s. Sediment load graph (season-wise).
20. Current meter Calibration chart.

21. Vertical velocity distribution (V.V.D) , Vertical sediment distribution (V.S.D)
Experiment chart.

22. Organogram showing posts at site like JE/Observers/ SWA.
23. Catchments map with project.

24. Flood Hydrograph of recent monsoon.

25. Minimum and Maximum Water Level (5 Years, 10 Years).
26. Rainfall Chart.

27. Water Quality Parameters.
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