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FOREWORD

The growing climate change impacts on the hydrological extremes are well accepted by
the scientific community and Pakistan is amongst the worst hit by it. After the devastating
historical flood of 2010, dire need of upgrading flood forecasting capacity of the country
was felt. UNESCO and JICA closely worked together to provide financial and technical
supportunder t he wumbrella project titled AStrategi
Management Cap ac iGivgn the $cardtyadt dat toaalilrate and validate
forecasting models, a key challenge was to collect and collate local data of hydro-
morphological features of rivers and physico-hydraulic characteristics of the Indus Basin
soils. This data was later used for Integrated Flood Forecasting System (IFS model) for
the River Indus and its tributaries. Pakistan Council of Research in Water Resources
(PCRWR) was entrusted with this task under the project using state of the art Acoustic
Doppler Current Profiler (ADCP) for measurement of river flow regimes and
morphological profiles. PCRWR also immensely contributed towards capacity building of
local professionals in its usage.

| am pleased to note that PCRWR indigenously developed equipment for measurement
of seepage rates was instrumental in collecting data on bed material profiles along the
rivers. A well-equipped laboratory was established for the analysis of soil physico-
hydraulic properties using georeferenced samples collected from the field. The overall
volume and quality of data collected and collated as well as building capacity of PCRWR
professionals has been outstanding and fully met International Standards.

This research report pertains to the hydro-morphological features of the eastern
tributaries of the River Indus. These tributaries pass through the terrain which is well
populated as well as had vast agricultural fields. These data sets have already helped
improve the early warning and flood management system of Pakistan and in future will
also contribute towards better water resources management, disaster risk reduction and
agricultural productivity enhancement. | sincerely hope this report becomes a key
reference for models and modellers working on improved understanding of climate
change impacts and devising adaptations for the sustainable water sector growth of the
country, a key aim of the United Nations Sustainable Development Goals especially
SDGs 6 and 13.

Professor Dr Shahbaz Khan
Director and UNESCO Representative to the Peoj
Peopl ebs Republic of Korea, Japan, Mongol i a a
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Executive Summary

The River Indus Basin is amongst the regions most vulnerable to climate change, its
eastern tributaries are frequently inundated during monsoon. Past few decades have
seen increased frequency and intensity of floods which are anticipated to exacerbate. The
region is thickly populated and intensely cultivated. Recent floods played havoc with life
and property. Disaster risk reduction demands improved flood forecasting. That requires
updated primary data for modeling tools. River flow regimes, river morphology and soil
physico-hydraulic features are key inputs for such models.

In this study, we carried out measurements of river flow regimes, cross-sectional profiles,
bed material, seepage rates, and soil physico-hydraulic properties of the active flood
plains on both sides of the tributaries. For river flow regimes and morphological features,
Acoustic Doppler Current Profiler (ADCP) was used. Bed material was collected and
analyzed for mean patrticle size and uniformity coefficient. Locally developed seepage
meter was used for seepage rate measurements. Improved double ring infiltrometer for
infiltration rate, hydrometer method for soil texture, and pressure plate and hanging table
extractors were used for soil-moisture retention characteristics.

The ADCP can generate reliable data of river flow regime and morphology if usage
guidelines are followed properly. Bed material mean particle size decreases towards
downstream reaches of the rivers Jhelum, Chenab and Ravi in conformity with
Sternber gbds | \wensg in dage tof rives Sutleji Wdndormity coefficient of bed
material shows no systematic trends. Seepage rates also have mixed trends, but are
generally more in upper reaches in line with bed material mean particle sizes.

Silt loam, loam and sandy loam are dominant soils in three horizons up to 1.0 m depth in

the active flood plains, but coverage of sand dominant classes increase with depth.

Infiltratond at a fi tted better Pahn | Bamdtsdangeof steady-e | t ha
state infiltration rate is 15-30 mm/hr that increases towards 60-90 mm/hr at the deeper

layer. Average bulk density up to 1 m depth profile is 1.44 - 1.45 mg/cm? with coefficient

of variability (CV) inlowrange of 8.68-9 . 31 %. Aver age -dstheinfilt@tod s st e ¢
varied from 0.45-76.75 mm/hr with high CV in the range of 135 - 158%; van Genuchten

bs average values are 0.45 - 0.46 cm3/cm? with CV in the low range; br is 0.05 - 0.06

cm3/cm3 with CV in the medium range; Uranges 0.01 - 0.02 cm* with medium CV; and n

have average values of 1.06 -1.90 with CV in the medium range. Average organic matter

is 0.68 -1.27% with medium variability in the three horizons up to 1.0 m depth.
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1. Introduction

Hydrological cycle is one of the most important systems on the planet earth to sustain life.
It spreads thousands cubic kilometers of water on terrestrial land for providing wide
variety of ecosystem services. Water from hydrological cycle interacts with land mass and
subsequently makes its way into rivers and streams.

Temporal and spatial distribution of water by the hydrological cycle is highly erratic and
is not demand driven. Rather droughts and floods are peculiar feature of the cycle. This
feature is becoming more prominent owing to climate change, which is now an accepted
reality (Wetherald and Manabe, 2002). When water enters into rivers and streams, it
becomes the most important component of the hydrological cycle for human interaction
and intervention. That is why civilizations flourished in the proximity of rivers for meeting
their food, fiber and other demands. At the same time, it makes them vulnerable to
damages caused by the excess and shortage of water.

The water in rivers and streams gave rise to the discipline of water resources
management, which is science of dealing with the excess and shortage of water. River
systems can be better managed only if their flow regimes, fluvial processes,
morphological features and physico-hydraulic characteristics are well understood. This
knowledge is essential, inter-alia, for design of water related structures (reservoirs,
bridges, flood dikes, drainage schemes, groundwater recharge wells etc.); flood warning
systems and mitigation measures; assessing and developing hydropower potential;
ecological health of water ways and wetlands, etc. It is also important for navigation and
recreational sites; policy measures and legislation for water diversion; distribution and
control; seawater intrusion and preventive measures; disaster risk reduction, etc (Loucks
and van Beek, 2017).

The importance of data regarding the most critical component of the cycle has increased
manifold due to implications of climate change and population stress. Although total
guantum of water resources is same but it has to meet the demand of highest population
that the planet earth has ever seen. Therefore, purpose of this study was to provide
reliable database of river flow regime, fluvial processes, morphological features and
surface-groundwater interaction using state of the art tools and techniques. The data so
generated will be useful for the hydrological modellers, water resources managers, policy
makers and other stakeholders for better management of water resources under the
changing climatic conditions and rising water demand. This is important especially for the
Indus Basin of Pakistan, which is habitat of more than 200 million people. The basin has
the wo r |lafges irrigation system, where floods and droughts are common feature.



Better management of the Indus Basin is, therefore, key to sustainable growth and socio-
economic uplift of the country.

Apropos, this study was conducted on the eastern tributaries of the river Indus with the
objectives:

0] To evaluate the reported flow regimes with those measured with state of the
art Acoustic Doppler Current Profiler (ADCP).

(i) To characterize morphological features of the river system.

(i)  To characterize soil physical and hydraulic properties of the active flood plains.

1.1. Theory and literature

Acoustic Doppler Current Profiler (ADCP) is the latest tool for discharge measurement
that uses Doppler effect principle. The Doppler principle is the dependence of sound
frequency shift on the relative velocity between the sound transmitter and receiver and
was named after the physicist John Doppler who discovered it. According to the principle,
frequency of sound decreases when relative velocity between the transmitter and the
receiver increases and vice versa.

In flow measurement, ADCP transmits sound waves in water and receives the waves
reflected back from the sediments moving with water. Fundamental assumption in its
application is that the suspended sediments travel with velocity of water. Sound waves
used for the purpose are ultrasonic and commonly applied frequencies for flow
measurements range from 300 to 3000 kHz (Mueller et al., 2013). The change in
frequency of the sound waves reflected back from sediments moving with water
determines its velocity.

ADCPs are classified according to their mounting, which are side-looking (horizontal) and
downward or upward looking (vertical). Side looking are mounted on the side and upward
looking at the bottom of a regular section of water channel to determine average velocity.
Downward looking are on tethered boat, which is traversed across the water channel from
bank to bank. ADCPs are further categorized into Ainar r o wb afinbdroo aadri®da nd o .
narrowband ADCP transmits a single long pulse and compare its returned signal with
itself to determine the frequency shift. Whereas, a broadband transmits multiple phase
coded short pulses and compare the returned signal of one pulse with the other one for
determining frequency shift. Narrowband is simple and easy to process but involves more
random error due to time and space resolution limitations of a single pulse. Broadband
requires complex background calculations but has improved accuracy due to better time



and space resolution between multiple pulses (Simpson and Oltmann, 1993; Brumly et
al., 1991).

Limitations of the instrument are that water must neither be too clear nor too muddy as in
flood conditions. In the former case, back scattered sound energy would be too meager
to detect for determining velocity of water. In case of the latter, attenuation of the sound
waves would be too high for accurate measurements. These limitations are qualitative
and depend on sediment characteristics and water depth. However, low frequency sound
has more penetration capacity to carry out measurements in water carrying heavy load
of sediments than in case of vice versa (Mueller et al., 2013).

ADCP measures discharge by traversing across the river from bank to bank which is
called transect. During each transect, ADCP divides measurement sections into
horizontal segments of specified width called ensembles. Each ensemble is further
divided into vertical segments, which are called bins or depth cells. Size and number of
depth cells are determined in the instrument configuration based on the water depth
recorded by its software (RDI, 2001).

The ensemble width is determined as the product of the boat speed and time between
ensembles. ADCP determines velocity for each bin, then calculate for each ensemble
and subsequently for the transect comprising measured ensembles. However, ADCP
cannot measure velocity profiles for the entire transect. The unmeasured zones include
instrument draft, blanking distance, side-lobe and riverbanks, which are shown in
Figure 1 (Simpson, 2001).

In the unmeasured zones, draft depth is the depth of water above the bottom of ADCP up
to which it remains submerged in water. Blanking distance is the depth of water below
ADCP to which measurements remain unrealized due to technical reasons of pinging
resonance. Similarly, side lobes interference further keeps some part as unmeasured
zone in the bottom of the stream. Theoretical details of blanking distance and side lobes
interference are beyond the scope of this report. Interested readers are referred to Mueller
et al. (2013).

The discharges of unmeasured zones are determined by configuration based
extrapolations. For extrapolation, measurements of at least two bins are required.
Therefore, each transect is terminated near the point of transect where discharge
measurements of at least two bins remain available. This is carried out by real time
monitoring the measurement window displayed by the data processing software on the
laptop during measurements. The distance from the point of transect termination to the
bank shore is determined and entered in the data processing software which estimate
discharges of unmeasured banks shore.



Unmeasured Unmeasured
near-shore near-shore \
discharge discharge

Unmeasured area due to blanking distance and transducer draft

Area of measured discharge

Unmeasured area due to side-lobe interference

Figure 1: Unmeasured areas in ADCP measurement cross section (Simpson, 2001).

1.2. Boat tracking for making measurements

ADCP measurements rely on determining the boat positions with reference to which boat
and water velocities are calculated. For that purpose, it works on either GPS tracking or
bottom tracking (BT) mode. In GPS mode, position is determined with reference to
magnetic north using fluxgate compass. Errors in the compass reading substantially affect
the velocity and discharge measurement. Potential sources of compass error are
ferromagnetic materials attached with the boat, compass displacement owing to sudden
acceleration, or deceleration of the boat and local magnetic declination (also called
variation). Magnitudes of geographic location based magnetic declinations are available
on relevant websites (www.interpex.com/magfield.htm, www.resurgentsoftware.com/
GeoMag.html). In addition, magnetic deviation caused by local magnetic fields are also
required to be accounted for along with magnetic declination. Pertinent to mention is that,
the magnetic declination is point-to-point changes in the magnetic north from true north
and is determined from computer models such as Geomagix, GeoMag, etc. However,
magnetic deviations are local phenomena and effects of both are required to be
accounted for if GPS based boat tracking is to be used as it affects magnitude as well as
direction of the velocity vectors and hence discharge (Mueller et al., 2013).


http://www.interpex.com/magfield.htm
http://www.resurgentsoftware.com/%20GeoMag.html
http://www.resurgentsoftware.com/%20GeoMag.html

Under the conditions where site-specific magnetic deviation is significant due to bridges,
buildings or power transmission lines, bottom-tracking mode is preferred. However, BT
mode has its own limitations. In BT mode, boat velocity is determined with reference to
the riverbed if it is stationary. For assessing riverbed condition, various methods are
available, which measure bed movement and make moving-bed corrections accordingly.

If neither GPS tracking nor bottom tracking warrants application, then VTG (Velocity
Tracking and speed on Ground) tracking mode for determining the boat velocity can be
used. In VTG mode, Doppler shift of the satellite signals is used to determine boat
velocity. For details of all these methods, the readers are referred to Mueller et al. (2013).

1.3. Compass calibration

Compass calibration is essential in particular when GPS mode of boat tracking and loop
method for correcting discharge owing to moving-bed conditions are used, and in general

for other modes of tracking (Mueller and Wagner, 2006). The calibration correctse ar t h 6 s
magnetic field distortions due to magnetic material near the ADCP. These corrections are
necessary for avoiding error in headings measurements. However, large structures such

as bridges, piles etc., near the measurement location may still cause heading error and

require consideration while selecting measurement section. ADCP user 0s gui de
referred to for compass calibration, as it requires configuration for the specific compass
installed. WinRiver Il software used with Teledyne ADCP automatically detects installed
compass and configure it for calibration (Teledyne, 2015). After calibration, compass error

should be less than 1 degree. If the error is greater than the given range even after
repeated calibrations, it will require special care for minimizing causes of potential
compass errors such as irregular ship track and directional bias (Mueller and Wagner,

2006).

1.4. Moving bed test

As mentioned earlier, the ADCP reports boat velocity by three methods namely: i) bottom
tracking; ii) GGA NMEA (National Marine Electronic Association) sentence mode and iii)
VTG NMEA sentence mode. In bottom tracking mode, it calculates boat velocity by
Doppler shift of acoustic pulses from bottom of the river assuming that the riverbed is
stationary, which very often is not the case. In rivers having heavy sediment load, bed
material remains moving what is called moving-bed condition. Under such conditions,
ADCP underestimates water velocity and hence discharge. Therefore, moving bed test is
crucial for reliable measurement of discharge. Various methods of moving bed test are
available such as stationary boat without GPS, stationary boat with GPS and loop test.
Whatever the method adopted, moving bed condition exists if the moving-bed velocity is



greater than 1% of the average water velocity. Mueller et al. (2013) have given details of
carrying out moving bed test and criteria for considering the bed as moving or stationary.

1.5. Riverbed material sampling

Riverbed sediment distribution is important for determining sediment transportation,
riverbed stability, channel roughness, river management, design of hydraulic structures,
reservoir sedimentation, calibration and validation of numerical models and movement of
contaminants. Toxic chemicals are adsorbed on and transported with fine sediments and
affect the water quality and aquatic life. Management practices include improving
watershed vegetative cover and slope stabilization. Assessment of baseline, or evaluation
of management practices, requires determining sediment size distribution of the river bed
material.

Sediment particles have vertical stratification in rivers having gravel beds. The top two
layers of stratification in such beds are pavement and sub pavement, which are significant
for determining river bed characteristics. The largest particles determine thickness of
each of the layers, wherein fine particles remain embedded in the large particles. Under
such conditions, sampling technique determines what population of particles would be
sampled. Bed Material sampling is usually carried out during low flow periods. Bed load
and suspended sediment sampling can, however, be conducted during any flow but
preferably during high flows or floods (Diplas et al., 2008). Bulk volume samples are
typically collected and sieve-analysis is carried out for requisite parameters (Peter et al.,
1989). Equipment such as drag-sampler, scoop sampler, US BM-54 and US MH-53 are
typically used for sample collection. The former two are less accurate than the latter,
whereas US BM-54 is too heavy to be carriage friendly. US BMH-53 is designed for
sampling by wading in shallow waters (Peter et al., 1989).

1.6. Description of the study area

The rivers Jhelum, Chenab, Ravi and Sutlej are the eastern tributaries of the Indus river.
Of these, the rivers Ravi and Sutlej are called the left bank eastern whereas the rivers
Jhelum and Chenab are the left bank western tributaries. The river Sutlej is the longest
and the Jhelum is the shortest of all the four. Annual average discharges and attributes
of these rivers are given in Table 1.

Mangla dam is located on the upstream of the River Jhelum near Mirpur, Azad Jammu
and Kashmir. Rasul barrage is the only barrage located on this river until its confluence
with the river Chenab at Trimmu. Barrages on the river Chenab from upstream to
downstream are at Marrala, Khanki and Trimmu. It receives waters from the Ravi and the
Sutlej rivers at Panjnad (locally means junction of five streams).



The Chenab is the second largest tributary of the river Indus and collects waters of all the
other tributaries but retains its own name until mergence with the river Indus. The river
Ravi enters into Pakistan territory near Ravi Syphon and have Balloki and Sidhnai
barrages at its upstream and downstream reaches, respectively. The river Sutlej enters
into Pakistan near Bhedian Kalan district Kasur. The barrages on it from upstream to
downstream are Sulemanki, Islam and Mailsi. It drains into the river Chenab near Uch
Sharif and forms together the river Panjnad, which flows over a reach of 70 km until it
drains near Mithankot into the river Indus.

Tarbeladam i s P aki & tesemwodr searl Sevabige the river Indus. The barrages
at the upstream of Mithankot on the river Indus are Jinnah, Chashma and Taunsa.
Whereas, Guddu, Sukkur and Kotri are the barrages at the downstream of Mithankot until
the main Indus river drains into the Arabian Sea.

The Indus river System supplieswat er t o the worl dbés | arg
comprising three large dams, 45 canal commands, 12 inter link canals, 22 barrages and
head works, 60,000 km length of canals, more than 100,000 water courses and about 1.2
million tube wells. (The system irrigates about 18 million hectares of land that forms the
fourth largest chunk of irrigated agriculture contributing 19.5% of c oun ) Thg
system originates fromt he wor |l ddés hi g h ed Karakom, Hindukush
and Himalaya, which have the largest frozen water reserves after polar region. The share
of glacial melt, snowmelt and rainfall are 51, 22 and 27% respectively (MoWR, 2018;
Ashraf, 2019).

est coO

6s GDF
range



Table 1: Attributes of the Indus river system and its eastern tributaries
Length /

Glaciated
area
)

Tri ri
annual flow butaries

Hunza and Gilgit
Kashmir, Skardu, at Raikot, Kabul
(Ir?qillj:) I'\:\ Egs_?irgé\;ar Tarbella, Multan ig(B)oBlg\l/I/ at Attock and 12
! and Arabian Sea Chenab at
Mithankot
Verinag spring,
Indian Kashmir | Wular Lake, ESﬁLuaT;[nd
Jhelum (Indlar_l illegally | Muzzaffarabad, 820 km / Muzzaffarabad 1
occupied Mangla and 28 BCM
; and Chenab at
Jammu and Trimmu Tri
. rimmu
Kashmir)
. . Jhelum at
Himachal Kishtwar, Marala : .
Chenab | Pradesh Panjnad, 1361 km// UL, Rav_l i 13
(India) Mithankot 28 BCM Ahmadpur Sial,
Sutlej at Panjnad
Rohtang Pass l(\:/lgiirt?gsl;r 894 km / Chenab at
Ravi |(rllnlégr;gra Lahore, 7.8 BCM Ahmadpur Sial 3
Ahmadpur Sial
Kangra, Singbol,
Rohtang Pass . 467 km / . .
Beas in Kulu (India) Hoshiarpur, 15.6 BCM Sutlej at Harike 5
Talwara
Lake Ludhiana,
Sutlej Rakshastel Ferozpur, 115; é AF g‘éM ggﬁ% Z% at 11
Western Tibet | Bahawalpur ' )
Chitral, Kabul,
Kabul Kabul, . Warsak, Hel Indus at Attock -
Afghanistan 21.4 BCM
Nowshehra

Source: Fahlbusch and Thathe (2004), and Ashraf (2019)




2. Methodology

2.1. Measurement of river flow and morphology

For measurement of flow regimes and cross sections profile, Acoustic Doppler Current
Profiler (ADCP) was used. As mentioned before, the ADCP works on the principle of the
Doppler Effect. It can measure multiple parameters, inter-alia, river discharge, point as
well as average flow velocity, width and cross sectional area of the channel. Additionally,
the ADCP computes a complete depth profile at the cross section, hence giving shape of
river morphology.

For measurement of these parameters, River Ray ADCP of Teledyne was used, fifty sites
were selected along the Indus river eastern tributaries namely the rivers Jhelum, Chenab,
Ravi and Sutlej. An approximate interval of 40 km was maintained between the selected
sections. For selection of a river section, due consideration was given to the technical
requirements and accessibility. Therefore, preferred sections were those, which were
logistically approachable, reasonably straight, and had little turbulence or eddies. All
measurements were taken using ADCP tethered parallel to the boat as shown in
Figure 2.

Figure 2: Field operation of ADCP River Ray tethered to boat and real time monitoring
of the transect on the host laptop.
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Prior to the measurements, the ADCP was duly configured and the boat speed was kept
as low as possible. Since almost all the measurements were taken in lean flow period,
difficulties were faced in maintaining boat speed lower than the average velocity of water
flow as per USGS guidelines (Mueller et al.,, 2013). Before carrying out each
measurement, moving-bed test was carried out. Owing to the measurements made over
the lean flow period, moving bed conditions exceeding the permissible limits of 1-2% of
the average flow velocity were not observed. However, composite (GGA) mode option for
velocity profile, river cross section and the discharge calculations with WinRiver-I
software was used for getting the data both in bottom tracking (BT) and GPS tracking
systems. The software displays the real time data on the windows of the host laptop
carried on-board by the survey team. A member of the team monitored speed of the boat
while observing stability of the ADCP. Due care was taken that the boat slowly takes start
and maintain almost uniform speed as per USGS Guidelines (Mueller et al., 2013).

It was ensured that the right (R) or the left (L) bank were duly marked. Measurements
were started from one bank and carried out to the next until recording of at least two bins
remained available close to each bank. For measurement of distance from the start/stop
position to the actual bank of the river, laser range finder as shown in Figure 3 was used
and entered accordingly in the transect. A trial first measurement was usually taken to
become acquainted with the river section, boat stability and any untoward condition in the
section. A transect was not accounted for in the measurements if any anomaly in it was
detected such as missing ensemble. Almost 4-8 transects were recorded at every river
section and took the average of those four, or more, transects having relative residual
(RR) within maximum permissible relative residual (MPRR), or fall reasonably close to
that (Mueller et al., 2013). Furthermore, the same number of left to right and right to left
transects were tried to maintain for avoiding directional bias or other systematic errors.
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Figure 3: A view of the measurement of distance of the end of the transect
to the riverbank with laser range finder.

2.2. Measurement of the seepage rate

For measurement of the seepage rate, a meter based on the Idaho University concept
available in literature was developed. The seepage meter, as shown in Figure 4,
comprises a seepage bell of 60 cm diameter cylinder having depth of 50 cm. A 13 mm
nozzle was welded to a hole drilled on top of the bell. The nozzle was connected to the
threaded cap of a flexible plastic bag. The cap of the bag could be screw-tightened and
unscrewed when required. It was ensured that the entire setup became air-tight on
tightening the cap on the mouth of the plastic bag. Provision was made to change the
size of the bag keeping in view the expected seepage rate at any section. Small bag was
thermal-massage bag and the large bag was the thermal-pillow bag in terms of their
medical usage.

For driving the seepage bell into the riverbed, crossbar and hammering anvil were
prepared separately. For logistic convenience, the seepage bell, cross bar and
hammering anvil were made to be assembled together and disassembled when required.
For driving into the riverbed, the bell was placed in the bed having water depth not more
than 1 m. The cross bar was then placed on the bell-top and the hammering anvil was
fixed over the cross bar. After assembling the seepage meter, the anvil was hammered
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with 4-5 kg hammer until 20-30 cm of the seepage meter bell drove into the riverbed. The
sides of the bell were then plastered with bentonite clay for avoiding lateral flow.

The attached plastic pipe was then allowed to fill with river water. The thermal plastic
bottle semi filled with water was weighed and carefully screw-tightened with the plastic
pipe. The plastic bottle was allowed to float on the surface of the river water such that the
same water head remained inside and outside the bottle. An angle-iron bar was provided
at the side of the bell for fastening the plastic bottle to avoid dragging away by the flowing
water. The bar was also used to pull out the seepage meter after finishing the seepage
test. This airtight arrangement took as much water from the plastic bag as much seeped
from the seepage bell into the riverbed.

Three seepage measurements were simultaneously carried out at each of the river
sections. For this purpose, three seepage meters were installed simultaneously. Each
seepage test was conducted for at least 24 hours. After that the plastic bag was carefully
removed and loss in weight of water over the lapsed time was recorded by difference in
weights of water-filled bag before and after the test. The water lost due to seepage was
divided by the cross sectional area of the seepage bell and the time lapped for the test
that gave point seepage rate. Average of the three trials was taken as representative
seepage rate at each river section. The assembly of the seepage meter and its installation
steps in the field are given in Figure 4. A view of the meter installed in the river for
measurement of seepage rate is shown in Figure 5.

1. Seepage bell 2. Seepage bell and cross 3 Anvil for hammering 4. Seepage meter and feeding bag
bar

_

5. Driving in with hammer 6. Operating in the River

Seepage meter assembly comprising:
1. Seepage bel with pull out bar

2. Seepage bel with drive in cross bar for
uniform load distribution

3. Anvil for hammering

4. Seepage meter and feeding bag assembly
5. Driving in the seepage bell with hammer

6. Operating in the river

Figure 4: Assembly and operation of seepage meter for measurement of seepage rate
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Figure 5: A view of the seepage meter installed in the river for measurement
of seepage rate

2.3. Riverbed sediment sampling and analysis

Riverbed sediment samples using vacuum type US BMH-53 Rickly Sediment Sampler
(Figure 6) were collected. This sampler comprises a cylinder and piston. The sampler-
driving handle is telescopic type comprising hollow outer tube and solid inner bar. The
inner bar is attached to the piston inside the cylinder. When cylinder is driven into the
riverbed, the piston inside it starts retreating backward. This backward movement of the
piston becomes visible from ejection of the inner bar at the driving end. In this way, the
sediments trapped inside the cylinder remain under suction and do not wash out when
the sediment sampler is pulled out of the riverbed under running water conditions. After
pulling out the sampler from water, the inner telescopic bar is pushed to remove the
sediments sample from the cylinder for collection in a plastic bag. In this way, little water
is carried with the sediment sample.

Three sediment samples, each of 5 cm diameter and 5 cm length, were collected from
each bank of the selected river section and made a composite sample for analysis. The
composite samples were duly coded for each section of the river. These samples were
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brought to the laboratory and air-cum oven dried. Sieve analysis of the oven dried
samples were carried out and developed S-curves. From the S-curves, mean particle
diameter and uniformity coefficient were determined. Uniformity coefficient (Cu) is defined
as the ratio of sieve sizes through which 60% of the material by weight passes to that
which allows passage of 10%. It is given by Equation 1.

Uniformity Coefficient (Cu) = D60/D10..............cccoooimrvvecoeoeeeeeeeecceeeeeeeeeeeee oo (1)
Where:

Deo is sieve aperture size that passes 60% of the sample.

Diois the sieve aperture size that passes 10% of the sample.

2.4. Measurement of infiltration rates and determining soil texture

The improved methodology for double ring infiltrometers as described in detail by Malik
et al. (2019) was used for measurement of infiltration at surface, middle (0.5 m) and
bottom (1.0 m) layers of the soil pits in the active flood plains on each bank of the selected
river sections. Briefly, the methodology involved pouring of water from a water-can into
infiltrometer rings through a funnel-pipe arrangement while keeping the funnel totally
detached from the water-can. Water release from the water-can was manually controlled
with a tap in such a way that a constant head was maintained in both the rings. The
constant water head in both the rings was monitored by placing a hooked bar on the rings.
The constant head was maintained by ensuring that the tips of the hooks remain merely
touching the water surface. This arrangement facilitated keeping the same and constant
head in each infiltration test. Amount of water infiltrated in specified time intervals
recorded with digital watch was determined by weighing feeding-can on an electronic
balance. A field set up of the infiltration test arrangement is shown in Figure 7. Infiltration
data analysis and parameter studied were also adopted from Malik et al. (2019). Similarly,
the procedure of the same authors was followed for collecting soil samples from the pits
and their texture analysis carried out with Hydrometer method. The results of analysis are
given in Annexures B-I to B-1V.
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Figure 6: US BMH-53 bed material sediment sampler used for river bed sampling

Figure 7: Field setup for double ring infiltration test
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