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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
support under the umbrella project titled “Strategic Strengthening of Flood Warning and
Management Capacity of Pakistan”. Given the scarcity of data to calibrate 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 People’s Republic of China, the Democratic
People’s Republic of Korea, Japan, Mongolia and the Republic of Korea
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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
Sternberg’s law, but is vice versa in case of river Sutlej. Uniformity 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.
Infiltration data fitted better on Horton’s model than Philip’s. Dominant range of steady-
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) in low range of 8.68 - 9.31%. Average Horton’s steady-state infiltration
varied from 0.45-76.75 mm/hr with high CV in the range of 135 - 158%; van Genuchten
©s average values are 0.45 - 0.46 cm®/cm? with CV in the low range; ©r is 0.05 - 0.06
cm®/cm? with CV in the medium range; a ranges 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 world’s largest 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 “narrowband” and “broadband”. A
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 corrects earth’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’'s guide is
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.

Tarbela dam is Pakistan’s largest reservoir near Swabi on 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 supplies water to the world’s largest contiguous irrigation system
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 country’s GDP.) The
system originates from the world’s highest mountain ranges of Karakorum, 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).



Table 1: Attributes of the Indus river system and its eastern tributaries
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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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3. Results and discussions

3.1. Coverage of measurements at river sections

Coverage of the river cross sections on the eastern tributaries of the river Indus together
with section codes and dates of the sites surveyed are given in Figure 8. Distribution of
the coverage on each of the rivers is given in Table 2. The results of discharge
measurements both in chronological order and in terms of the sectional sequence from
upstream to downstream of the river Jhelum are given in Figures 9 and 10, respectively.

These discharges were measured in composite (GGA) mode. The composite mode in
WinRiver-Il has the provision to record the discharge measurements based on bottom
tracking (BT) and Global Position System (GPS) tracking modes separately but
simultaneously. It has the edge that transects in both the modes in each measurement
can be compared for detection of distortions, if any, and the reliable quality measurement
can be adopted. The graphs also show the available discharge data of Federal Flood
Commission at the nearest gauging stations of the upstream, or downstream, of the
measured sections alongside ADCP measurements-based river widths.
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Figure 8: Spatial distribution of survey sites on all the four eastern tributaries
of the river Indus
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Table 2: River wise distribution of surveyed river cross sections

Jhelum River 15
Chenab River 22
Ravi River 5
Sutlej River 8
Total 50

3.2. Evaluation of flow measurements

Since the discharge data pertain to neither the same section nor the same date on any of
the rivers, therefore the flows can be assessed neither as steady nor uniform.
Furthermore, all the river sections have barrages for canal diversions and the diversion
rates vary from day to day based on demands raised by the provincial authorities. The
river Jhelum has Mangla dam of 11 BCM (9 MAF) capacity on its upstream with hydel
power generation capacity of 1000 MW. The reservoir operation depends on provincial
indents of irrigation water, release of water for power generation, time of the year and
anticipated inflow.

The sequence of the measurements was neither from upstream to downstream or vice
versa, nor was it practical due to field limitations in a trip. Therefore, the trend
development under such conditions of random data becomes difficult. Nevertheless, the
trends still exist to a certain extent. For instance, sites 5, 6, 7, 8 and 9 (Figure 9) on various
sections of the river Jhelum were covered in January, 2017, which is lean flow period and
hence measured discharges are the lowest compared with all the other sections.

The sections 1, 2, 3 and 4 in Figure 9 pertain to the measurements made in November,
2017 downstream Mangla Dam in the upper reaches of the river Jhelum. November is
normally dry month of the year, but Mangla dam is filled in the preceding monsoon season
and is reserved for the forthcoming “Rabi” season for wheat sowing. November is the time
of first irrigation of the wheat crop. Therefore, water is released from Mangla Reservoir
for meeting the demands tendered by provincial irrigation departments.

The sites 13 and 14 were surveyed in the month of May, 2017 when snowmelt
contributions increase the river discharge and so is visible in Figures-9 and 10. Therefore,
the river section width increase along with the discharges depending on the site. River
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width is determined by the local gradient of the river and geographical features. The
measured river spans are almost consistent with discharges except for section 14 of the
river Jhelum. The section 14 falls at the piedmont of the Salt Range and is controlled by
mountainous guide wall from the right-bank. That guide wall reduced the river span
thereby increasing its depth to almost 4 m as shown in Figure 11, which reflects the cross
sectional depth profile of the river.

A comparison of BT mode measurements with GGA mode shows that none of those is
persistently and systematically higher, or lower, than the other (Gilja et al., 2011).
Although, results of both the modes of measurements are almost in close conformity, but
most of the GGA measurements are higher than BT mode. The reason is evidently the
moving bed, which remains unaccounted for if it is less than threshold value. Whereas,
moving bed always cause a negative error in the measured discharge.

The discharge measurements along with quality evaluation in terms of total transects in
each measurement and outliers thereof in either of the modes is given in Figure 10 for
the river Jhelum. Quality assurance demands that each measurement should have at
least four transects comprising half of those from left to right-bank and the other half from
right to left. Each of the four transects is considered quality assured if it’s relative residual
(RR) is less than maximum permissible relative residual (MPRR) which is +5 in case of
four transacts. (Teledyne, 2015; Mueller et al., 2013). The RR is given by Equation 2.

LR (0101110 1 ST )

Where Qi is discharge of the selected individual transect and Qm is mean discharge of
all the selected transects in the measurement. The value of MPRR increases almost
proportionally with increase in number of selected quality transects. A transect is
considered outlier if RR > MPRR. It was endeavored to carry out more than four transects
in each measurement if site conditions warranted. That facilitates to sort out the requisite
number of quality transects if possible.

Figure 10 shows that six measurements (Nos.1, 4, 6, 7, 10, and 11) have no outliers in
either of the modes while meeting requisite transects criteria of four or more. All the other
measurements have outliers either in BT or GPS mode. Amongst the compromised
guality measurements, four BT mode (section Nos 3, 8, 12, and 15) have outliers viz-a-
viz eight GPS mode (section Nos. 2, 3,5, 9, 12, 13, 14, 15) contain outliers. It is important
to mention that sources of errors due to magnetic declination and deviation are always
more in GPS mode than the BT mode. These sections also fall in mountainous upper
reach of the river where multipath errors may also become dominant in GPS mode.
Moving bed condition is the major source of error in BT mode, which in this case was
almost non-existent due to low-flow conditions.
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Regarding comparison with the discharges reported by the Federal Flood Commission
(FFC), two of the discharge data at the sections 1 and 2 became available. The BT, GGA
and FFC discharges at section 2 are 484, 494 and 557 m?3s, respectively. The
measurement section was about 3 km downstream of Rasul Barrage. The FFC data is
reported in the early morning whereas in this study, measurements were taken mostly in
the afternoon due to time required for logistics and equipment deployment. At section 1,
the BT, GGA and FFC discharges are 699, 705 and 773 m?/s, respectively. The site at
this section was 35 km downstream of Mangla. Therefore, FFC discharge was calculated
by deducting reported diversion (PID, 2017) to Upper Jhelum Canal (218 m?/s) out of the
reported release (991 m3/s) of FFC downstream Mangla on the said date (7-11-2017).

The results of discharge measurements both in chronological order and in terms of the
sectional sequence from upstream to downstream of the river Chenab are given in
Figures-12 and 13, respectively. Almost similar trends are found for discharge
measurement records of the river Chenab. The FFC reported discharges are moderately
higher than the ADCP recorded measurements. The major discrepancy is regarding the
section-8 measured on 27-10-2017, where FFC reported discharge (113 m?/s) is much
less than ADCP measured (BT = 450: GPS = 456 m3s). The BT and GPS mode
discharges and river width for this section are compatible. The measurement at this
section is average of six transects without any outlier as shown in secondary horizontal
and vertical axis of Figure 13 and therefore, meets the quality criteria of the best
measurement.

The ADCP measurement at section-8 was carried out upstream of Trimmu Barrage and
downstream of the confluence of the rivers Jhelum and Chenab. On the upstream is the
Rasul Barrage, whereas Chashma Jhelum Link (CJL) Canal drains into the reach
between the two Barrages. Punjab Irrigation Department (PID) updates discharges of
rivers and canals on daily basis on a comprehensive infographic on its website
(irrigation.punjab.gov.pk). The infographic of the said date is given in Figure 14. It shows
that on the date in question, neither there was any release downstream of Rasul Barrage,
nor any contribution from CJL canal. The release downstream Qadirabad Barrage was
also nil. Despite nil contributions from upstream sources, the inflow and outflow at Trimmu
Barrage is 113 m®/s (3973 cusec) on the date, which does not meet inflow-outflow balance
criteria at the node of Trimmu Barrage. The ADCP measurement as mentioned above is
much higher. A snap of the river section of the said date is given in Figure 15, which gives
a reflection of the quantum of flow at the time of ADCP measurement and raises question
on FFC reported value. The discharges at sections 20, 21 and 22 of the River Chenab
were measured in August 2018 during flood. The measurement discrepancies over the
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flood conditions are common feature of the ADCP due to high sediment load, moving bed
conditions and misdetections of the riverbed (Mueller et al., 2013).
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Figure 9: ADCP based measurement of discharge of the river Jhelum in chronological order of
measurement dates
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Figure 10: ADCP based measurement of discharge of the river Jhelum in the order of upstream
to downstream measurement sections
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Figure 11: ADCP measured section profile of the river Jhelum at section JEH-14
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Figure 13: ADCP based measurement of discharge of the river Chenab in the order
of upstream to downstream measurement sections
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Figure 15: A view of the ADCP measurements being made at upstream of Trimmu barrage

The results of discharge measurements both in chronological order and in terms of the
sectional sequence from upstream to downstream of the river Ravi are given in Figures
16 and 17, respectively. Measurement at the river Ravi was one of the difficult tasks.
Under the Indus Water Treaty (World Bank, 1960), water rights of the rivers Ravi and
Sutlej were given to India. Therefore, the rivers remain dry round the year except some
water during the monsoon season. Cities falling at the river banks dispose off their
sewage into the river Ravi. At the downstream of Lahore, the river virtually becomes a
sewage drain. Therefore, the use of ADCP was too difficult. Even then some
measurements were taken. The river Ravi has no dam on it in Pakistan’s territory.
However, some link canals offtake from the river Chenab and drain water into the Ravi.
The first diversion structure on the Ravi in Pakistan’s Territory is Balloki Barrage from
where Upper Bari canal offtakes. The section-3 on the Ravi is on the upstream of the
Balloki Barrage where Qadirabad-Balloki link canal drains into it and hence the
measurement became possible due to water supplied through the link canal.
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Comparison with the FFC data for the river Ravi (Figures-16 and 17) shows that the
reported data is persistently less but reasonably close to ADCP measurements. It might
be due to disposal of municipal wastewater into the river Ravi as well as poor quality of
water hindering accurate ADCP measurements.
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Figure 16: ADCP based measurement of discharge of the river Ravi in chronological order of
measurement dates
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Figure 17: ADCP based measurement of discharge of the river Ravi in the order of upstream to
downstream measurement sections

The results of discharge measurements in chronological order and in terms of the
sectional sequence from upstream to downstream of the river Sutlej are given in Figures-
18 and 19, respectively. Waters diverted from western tributaries (the Jhelum and
Chenab) supply water to the river Sutlej from where it is diverted to irrigate area on its left
bank. The measurements on the river Sutlej were made in the downstream reaches in
early September when seasonal link canals carry enough water owing to the preceding
monsoon season to make it available at the downstream reaches. Therefore, the
measurements at the sections 6, 7, 8 and 9 became possible. However, subsequent
measurements in the second half of the September, 2017 were virtually in shallow stream,
which could be crossed by wading as these were on the upstream of the river. The data
pertaining to the measurements on all the sections of the four rivers are given in
Annexures A-l to A-lll. The data were post-processed using magnetic declination given
in the annexure and draft depth of 0.1 m in the playback configuration of WinRiver 1.

For the river Sutlej, FFC reported discharges at two sections downstream of Islam
Barrage are shown alongside the ADCP measurements in the Figures. The reported
discharges are available pertaining to dates of the measurements at section-8 and
section-9 only. These sections fall at the far downstream reach of the river Sutlej near its
confluence with the river Chenab. The maximum depth of the river at section-8 was less
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than 1.5 m, which was mostly around 0.75 m. Under that situation, ADCP ensembles
frequently lost and measured discharge came out less than that could be. The
measurements at the section-9 were further downstream where some field configuration
regarding orientation of the river banks (interchange of left with right bank by mistake)
added error that made the data unreliable.
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Figure 18: ADCP based measurement of discharge of the river Sutlej in chronological order of
measurement dates
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Figure 19: ADCP based measurement of discharge of the river Sutlej in the order of upstream to
downstream measurement sections

3.3 Compass calibration

Compass calibration is preferred for all the ADCPs having internal magnetic compass but
is necessary only when GPS mode is used as reference for boat velocity (Mueller and
Wagner, 2006). The measurements in the current study are based on composite (GGA)
mode i.e. carrying out measurements in BT as well as GPS modes simultaneously;
therefore, calibration was done only for twelve river sections for ascertaining accuracy of
the ADCP. The permissible limit of compass error is 1 degree (Mueller et al., 2013) and
all our compass errors (Table 3) are well within the permissible limit.

Table 3: Compass calibration results at the selected river sections

Typical

Typical

Site

Typical

Site

Typical

Site Code Headin Site Code Headin Headin Headin
Error (°§)] Error (°€)J e Error (°$)J e Error (°£)J
JEH-03 0.50 CNB-06 0.34 RV-08 |0.73 SUT-02 | 0.46
JEH-05 0.73 CNB-07 0.29 RV-04 | 0.72 SUT-04 | 0.80
JEH-15 0.42 CNB-09 0.34 SUT-05 | 0.67
CNB-13 0.89
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3.4 Moving bed test

Similar to compass calibration, moving bed (MB) test is preferred for each site of
discharge measurement. However, if sufficient evidence is available that moving bed
conditions does not exist, the test can be omitted (Oberg et al., 2005). As the
measurements pertain to low flow period, tests were conducted on a few sites for
ascertaining MB conditions if any. In fact, MB tests made at some other sites were lost
due to technical issues of the WinRiver Il software. The admissible limit of moving bed
velocity as percent of mean water velocity is 1-2% depending on anchoring stability if the
test is stationary boat type (Mueller et al., 2013). Under this study, the admissible limit of
2% applies, as the tests were stationary boat type for which the boat could not be stably
anchored as the untrained hired boatman was engaged separately for each field trip. The
MB test results are given in Table 4. It shows that the potential MB error is mostly within
1-2% except in one case at the river Ravi that was in flood at the time of measurement.
It means MB conditions do not exist in the eastern tributaries during low flow period,
indicating that river bottom tracking (BT mode) can be used as velocity reference for
discharge measurement owing to the negligible error induced by moving bed. However,
BT and GPS mode measurements can become more compatible and quality assured if
compass calibration and MB test are articulately carried out and magnetic declination,
deviation and multipath errors are avoided. All the data pertaining to the measurements
at the sections of the river Sutlej are given in Annexure A-lll. As mentioned before, the
data in the annexures was post-processed using site specific magnetic declination and
draft depth of 0.1 m in the playback configuration of WinRiver II.

Table 4: Moving bed test results of the selected river sections

Site Distance Duration MB_ _ MB_ Wate_r Average % Bad Potential
Code MB Test US/MG (s) Velocity Dlreoctlon Velocity Depth Bottom MB Error
(m) (m/s) ©) (m/s) (m) Track (C)

SUT-03 Stat. 000 -0.187 632.53 0 194.85 0.064 2.72 0 -0.35
SUT-04 Stat. 000 -0.604 652.03 -0.001 160.01 0.125 0.78 0 -0.72
SUT-05 | Stat. 000 -2.809 586.47 -0.005 214.46 0.149 1.41 0 -3.3
SUT-07 Stat. 001 -2.338 362.41 -0.007 10.68 0.44 2.15 1.58 -1.48
RV-08 Stat. 001 -0.837 539.52 -0.002 263.9 0.384 1.42 0 -0.39
RV-04 Stat. 000 80.479 635.66 0.148 67.11 1.13 2.52 38.78 13.07

3.5 Point seepage rates

Average of the point seepage rates of three measurements at the selected river sections
are shown in Figure 20. Point measurement of seepage rate is not supposed to reflect
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the seepage rate of the corresponding river reach as it represents the measurement on
a very small area compared with river section. Point to point variability adds further to
uncertainty. However, such measurements can give reasonable estimates of sectional
seepage rates for surface-groundwater interaction.

In Figure 20, the sections 10, 11 and 12 fall upstream of Mangla dam. The upstream
reach of the river Jhelum above Mangla dam is in highly mountainous region and hence,
the river sections were gorge type having turbulent and violent flow conditions. Therefore,
measurement of seepage rates in those sections were neither possible nor carried out.
Downstream Mangla dam, seepage rate varies from 2.35 (JEH-1) mm/day to 0.264 (JEH-
7) mm/day. The highest rate is at the upstream reaches and the lowest at the
downstream. The reason seems that the upstream reaches have coarser bed material
than the downstream as per Sternberg’s law. Abrasion, fragmentation and hydraulic
sorting of sediment particles in the downstream reaches makes the bed material well
graded and more impervious (Bouteiller et al., 2011).

In the river Chenab, the highest seepage rate is 2.23 (CNB-02) mm/day and the lowest
0.34 (CNB-09) mm/day. However, the seepage rate varies randomly along the entire
length of the river. The distribution of the seepage rates along the river reach shows that
the frequency of high seepage rates in the upper reach above Trimmu barrage is more
than its downstream. The reason for high seepage rate at the upstream reach seems the
same as the bed material at upstream is less graded than the downstream. Well graded
material has wide range of particle sizes that packs well within each other thereby making
the strata less permeable. Contrary to that, less graded material has narrow range of
particle sizes which do not pack well and make the strata more permeable (Bouteiller et
al., 2011). The high seepage rate exhibited in the vicinity of Trimmu barrage may be due
to the reach falling in the Thal desert having sandy strata (Khan et al, 2016; Malik et al.,
2019).

In the river Ravi, the highest and the lowest seepage rates are 1.43 (RV-03) mm/day and
0.622 (RV-01) mm/day, respectively, but both the values fall in the upper reach. In fact,
limited measurements could be carried out in the river Ravi either due to the river found
dry, or cluttered with sewage water.

In the river Sutlej, the highest and the lowest seepage rates are 1.70 (SUT-8) (mm/day
and 0.35 (SUT-2) mm/d respectively, but seepage rate values vary randomly along the
reach of the river. The Sternberg’s law for particle distribution along the river reach hardly
applies to the reach of the Sutlej river in Pakistan as the entire water is diverted by India
in its own territory. The downstream reach carries water diverted from the rivers Jhelum
and Chenab through link-canals. Furthermore, the downstream reach is adjoining
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Cholistan desert where high seepage rates seem rational. Therefore, seepage rates
though have mixed trends depending on local strata but are generally more in upstream
reaches of all the tributaries except the river Sutlej. These findings are in line with the bed
material mean particle size as discussed in section 3.8. The data pertaining to the

seepage measurements at the sections of all the four rivers are given with other sectional
data in Annexures A-l to A-lIl.
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Figure 20: Seepage rates at the sections of discharge measurement in all the eastern rivers
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3.6 Infiltration rates
3.6.1 Spatial coverage of Horton’s steady state infiltration rates

The cumulative infiltration data were fitted on Philip (1957) and Horton (1940) equations.
A comparison of the fitting in terms of R? on Philip and Horton cumulative infiltration
equations is given in Figure 21. It shows that the fitting on Horton equation is
comparatively better than on Philip equation as was also reported by Malik et al. (2019)
for similar tests in Doabs of the Upper Indus Plain. Additional advantage of the Horton
equation is that it has steady-state infiltration rate as its built-in parameter which is
considered equivalent to typically required field saturation conductivity. Therefore,
Horton’s steady-state infiltration rates were adopted.

The so determined steady-state infiltration rates spatial coverage mapping on 20 km grids
on each bank of the rivers at the sections of flow measurement at surface, 0.5 m and 1.0
m depth are given in Figures 22 to 24, respectively. The spatial coverage percentages of
the area under different ranges of infiltration rates are given in Figure 25. The dominant
range of steady infiltration rate at the surface and middle layers is 15-30 mm/hr, whereas
it is 60-90 mm/hr at the bottom layer.

In the surface layer, the lowest infiltration rate class has the largest percentage coverage,
which visibility decrease with increase in infiltration rate. Whereas in the bottom layer, the
highest infiltration rate class has largest percentage of coverage, which slowly decrease
with decrease in infiltration rate as is evident from the trend lines in Figure 25.

This coverage of infiltration rates is almost compatible with coverage of soil textural
classes. In solil classes, as discussed in the next section, silt loam has the greatest spatial
coverage at the surface and middle layers followed by loam and sandy loam. Typical
infiltration rates of textural classes are silt loam< loam< sandy loam (Berhanu et al., 2013).

However, infiltration rates are controlled by not only texture profile but also the role of
macrospores often become dominant. Possibilities of macrospores in surface layer are
normally bleak. Because in the surface layer, macrospores are frequently choked due to
wind and water erosion as well as treading by humans and animals (Malik et al., 2019).
Contrary to that, decay of roots and living organisms create macrospores in comparatively
deeper layers, which are not affected by the choking activities. When infiltration tests are
performed in dug pits, macrospores normally remain intact and play crucial role in
infiltration process. That is why the spatial coverage of higher infiltration rates increased
with depth up to 1 meter.
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The above discussion reveals that the distribution of dominant range of Horton’s steady-
state infiltration rate at the surface and middle layers is 15-30 mm/hr, whereas it is 60-90
mm/hr at the bottom layer showing increasing trend towards bottom layer of 1.0 m depth.
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Figure 21: Comparison of R? of fitting cumulative infiltration data on Philip and Horton equations
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3.7 Soil texture classes

Soil texture classes in the surface, middle and bottom layers of the soil pits in active flood
plains both along the left and right banks of the eastern tributaries are given in Figures-
26 to 28, respectively. The number of soil classes from top to bottom layers are 8, 9 and
8; respectively. Percent coverage of each of the soils class is given in Table 5. Dominant
soil classes in all the three layers are silt loam, loam and sandy loam. Silt loam has the
greatest spatial coverage at the surface and middle layers followed by loam and sandy
loam soils. At the bottom layer, loam has the largest coverage followed by silt loam and
sandy loam. With increase in depth, silt loam coverage decreases, loam remains almost
stagnant and sandy loam increases.

In the active flood plains, soils along the riverbanks are typically formed due to deposition
of silt and sand with floodwater or meandering rivers. Silt loam and sandy loam are the
soil classes that fall at the bottom of the classification triangle and both the classes mainly
comprise of sand and silt with clay fraction always less than 28%. Therefore, if the fraction
of silt increases above 50%, the percentage of sand will accordingly decrease making it
silty loam. Similarly, if percentage of sand increases beyond 50%, the class will shift to
sandy loam. Pertinent to note that, silt loam, sandy loam and loam are adjoining classes
in the triangle of soil texture. A decrease in sand and silt percentage will cause a
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corresponding increase in clay content thereby changing the soil class from silt or sandy
loam to loam. All the three classes represent higher percentages of sand and silt with low
clay contents and fall in close proximity in the triangle. This is the peculiar composition of
alluvial deposits in active flood plains comprising mostly of silt and sand. Therefore,
mapping of all the three layers exhibit soil classes as expected in active flood plains.

The fraction of loam soil slightly increased with increase in depth. It may be due to
washing action of water infiltrating into soil carrying with it fine clay participles thereby
converting sandy loam or silty loam soil to loam soil in the context of discussion in the
preceding paragraph. Studies carried out by (Malik et al., 2019) in Doabs and Pothwar
support this phenomenon. Therefore, the data reveals that silt loam, loam and sandy loam
are dominant soil classes in all the three layers of the studied depth. However, coverage
of sand dominant soil classes increase with increase in depth. The anticipated features
of active flood plain as per above discussion support these findings.

Table 5: Spatial coverage percentages of different soil classes in the surface, middle and
bottom layers of soil pits in active flood plains along the banks of the eastern

tributaries.

S(r).. Soll Class Surface Perca = Bottom
i. | Silt loam 46.504 37.283 33.882
ii. | Loam 34.401 33.556 35.893
iii. | Sandy loam 18.132 26.992 27.746

iv. | Loamy sand 0.041 0.713 1.380

v. | Sand - 0.178 0.219

vi. | Silt 0.010 - 0.031
vii. | Clay loam 0.886 1.217 0.621
viii. | Silty clay loam 0.005 0.041 0.229

ix. | Silty clay - 0.015 -

X. | Clay 0.020 0.005 -

Total 100 100 100

39



e =

A

.. .. Baramula
) gies

# ADCP Survey Sites

harsadda  Mardan
| 1 Provincial Boundary |,

I Rivers ;

s°i| Type -'_. : ; Ampballpore Woatb, e a 7 -_ e I‘A, y ”
By sana | = S o,
- Sandy Loam ; - S ‘ YL
B coam ;
[ sitt Loam

/ - S"t iolgamns Chakwal
- Clay Loam .
[ silty clay Loam .

- Ciay l-ali ‘ -

el

hk g a g - ) \ e .
4 alur Kot G T Gujranwala
2 ’ - Tiafi zabad z
¥ Kamoke
D &

RV.01

Shekhupura < 4
S

Kot Addu Mukts o

o) Malaut
_— Abohar

7’

7 Pt
Ganganagar I

Hanumangarh

-

| W
N o~

0 25 50 100
N
Kilometers
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3.8 Bed material of eastern rivers

3.8.1 Bed material profile of the river Jhelum

Bed material samples analysis of right and left banks of the river Jhelum is given in
Figure 29. The point samples were composite of three locations in each case from the
selected river sections. The sieve analysis of the composite samples was carried out and
mean diameter (Dso) as well as Cu (Dso/D10) determined after developing S-curves. Figure
29 shows the bed material mean diameter and Cu along each bank of the river reach
from upstream to downstream. Mean particle diameter gives size of sediment having 50%
of particles larger by weight, whereas uniformity coefficient (Cu) represents the
distribution of particle diameters. The Cu close to 1 means particles of almost similar size.
The more the Cu greater than 1, the more well distributed, or well graded, sediment
particles will be.

The sediment size may depend on the sampling location whether falling on the upstream
or downstream of a bridge or a diversion structure. On the upstream side of a hydraulic
structures or obstructions, mean particle diameter may vary, due to increased probability
of settlement of all the sizes of particles. The shift of mean particle size toward increasing
or decreasing side will depend on the composition of sediment particle size profile, water
velocity, settlement time becoming available, curvature of channel-bank whether concave
or convex, etc. In meandering river, sediments deposit on the convex bank and erode
from concave bank (Blanckaert et al., 2012).

Under favorable conditions of deposition, if proportion of the large particle sizes is higher,
the mean diameter shift may be towards increasing side and vice versa. This is evident
from the left bank of the section JEH-1 and right bank of section JEH-3. In the former
case, mean diameter is small and coefficient of uniformity is high, whereas opposite is
true in case of the latter. Despite all these variabilities, the trend of mean particle size is
decreasing towards the lower reaches as expected as per Sternberg’s law, which states
that the particle refining along the river reach is exponential function of initial grain size
and distance traveled along the river (Bouteiller et al., 2011). Downstream bed material
size reduction occurs mainly due to particle abrasion, hydraulic sorting and fragmentation
(Bouteiller et al., 2011; Radoane et al., 2007) involving complex interaction of mobility
conditions, river aggradation, river basin concavity, lateral input of sediments, etc., which
has widely been reported (Radoane et al., 2007). Furthermore, the larger particles deposit
earlier in the upper reaches and the finer settle later in the lower reaches after depositing
coarser particles behind the hydraulic structures upstream.
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Figure 29: Bed material uniformity coefficient and mean particle size from upstream to
downstream reach on both the banks of the river Jhelum

3.8.2. Bed material profile of the river Chenab

Figure 30 shows the results for the river Chenab. In case of the river Chenab, the variation
of the Cu is much more compared to the river Jhelum, but this variation is in the reach
below the confluence of the river Chenab and the river Jhelum at the Trimmu barrage.
The highest Cu is at the section CNB-19 which is below the said confluence. The river
Jhelum upstream flows through a reach adjoining the Thal desert where sediment size
profile is supposed to change due to peculiar strata. Therefore, after the confluence, the
sediments of different origins of the two rivers combine and broaden the spectrum of
particle sizes (Radoane et al., 2007). That has caused high value of Cu. Mean particle
diameter of sediments has visible decreasing trend in the lower reaches as was in case
of the river Jhelum in accordance with Sternberg’s law narrated in the preceding
paragraphs.
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Figure 30: Bed material uniformity coefficient and mean particle size from upstream
to downstream reach on both the banks of the river Chenab

3.8.3. Bed material profile of the river Ravi

The mean sediment size diameter and Cu of the river Ravi is given in Figures 31. The Cu
of the river Ravi is highest in its lowest reach. Under the Indus Water Treaty (1960), India,
the upper riparian, has gained full rights on waters of the rivers Ravi and Sutlej. In
Pakistan’s territory, these two rivers are virtually no more flowing. Several link canals
supply water from the western rivers to these eastern tributaries. The eastern tributaries
then divert that water into canals off-taking from several barrages. Therefore, these two
eastern tributaries have lost their inherent typical features of bed material. The waters in
downstream reaches are mix of waters of the rivers Chenab and Jhelum and so are the
characteristics of their sediments. As such, sediment profiles of the two western rivers
supplying waters to the eastern tributaries (rivers Ravi and Sutlej) broaden the particle
size range in the lower reach of the river Ravi. Another important factor distorting
morphology of these rivers is the sand digging for construction purpose from the upper
reaches of the rivers Chenab, Ravi and Sutlej. Nevertheless, mean particle diameter has
decreased toward downstream reach as in other rivers.
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Figure 31: Bed material uniformity coefficient and mean particle size from upstream to
downstream reach on both the banks of the river Ravi

3.8.4. Bed material profile of the river Sutlej

The bed material sediment profile of the river Sutlej is given in Figure 32. In case of the
river Sutlej, Cu is highly variable in the upper reach than in the downstream side contrary
to the other three rivers. In this river, a longer upstream reach adjoining the Cholistan
Desert remains almost dry (Figure 33). Even when flowing, it is so shallow that can easily
be waded. Wind erosion brings fine sand from the adjoining Cholistan desert and deposits
in the bed of this river, which seems to have reduced the mean particle size of its bed
material. The mean patrticle size increases as it escapes from the reach of wind erosion
deposition and receives waters of western tributaries through link canals. Radoane et al.,
(2007) also observed increase in mean patrticle size in downstream reaches of the Trotus
and Siren rivers in Romania and attributed it due to contribution of tributaries. The
contribution of sediments from link canals might also be contributing toward high variation
of Cu in accordance with Sternberg’s law.
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Figure 32: Bed material uniformity coefficient and mean particle size from upstream to
downstream reach on both the banks of the river Sutlej

Figure 33: A view of the river Sutlej without any water at Bahawalpur Bridge
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3.9. Soil moisture retention characteristics and allied parameters

Soil moisture retention curves of the soils at the surface, middle and bottom layers of the
pits at the measurement sections are given in Figure 34. Altogether ten soil types were
found based on texture analysis of soil samples from riverbank pits but curves are shown
only for nine soils excluding clay having minor fraction. The percentage coverage of the
three dominant soil classes normally increased from top to the bottom layer except for silt
loam as already shown in Table 5. The numbers of soil classes from top to bottom layers
are 8, 9 and 8, respectively. The soil moisture retention parameters of all the soil samples
are given in Annexure B-I to B-1V. Descriptive statistics of the moisture retention and allied
parameters in the active flood plains along the banks of the 50 cross-sections where
ADCP measurements were carried out are given in Table 6.

Average bulk density in the studied layers varies from 1.18 to 1.90 mg/cm? with overall
average value 1.45 mg/cm?, which are in accordance with those reported by Malik et al.
(2019). Meek et al. (1992) reported bulk density up to 1.92 mg/cm? of sandy loam soil due
to compaction under tillage machinery and other management practices. In fact, soil bulk
density is not an inherent property but depends on natural processes and anthropogenic
activities (Zeng et al., 2013). Coefficient of variability (CV), defined as ratio of standard
deviation to mean in percent, is from 8.63 to 9.31, the latter for the surface layer.
Comparatively more CV for surface may be due to changes caused by traffic and several
other factors including moisture content while sampling (Meek et al., 1992; Zeng et al.,
2013). These CV values are in the low range as per categorization by Nielsen and Bouma
(1985) and are in accordance with those reported by Malik et al. (2019) and Dec and
Dorner (2014).

The maximum values of steady-state infiltration rates in the active flood plains are 263 to
580 mm/hr, low for the surface layer and high for the middle. Hydraulic conductivity
decreases with increase in bulk density due to discontinuity of pores (Dec et al., 2008).
Compatratively low fc in the top layer may be due to higher bulk density and sealing of
macropores at the surface due to treading, raindrop compaction, sealing, etc. (Malik et
al., 2019; Chaudhari et al., 2013; Igbal et al., 2005). The high value of fc in the middle
layer may be due to dominance of roots in that layer and resultant undisturbed
macropores over there (Malik et al., 2019). The CV of fc of active flood plains is high
varying from 135 to 148% and its distribution is compatible with the distribution of
maximum fc over the depth. It should be noted that the minimum fc is 0.05 mm/hr which
may be considered as zero. These zero values of fc normally pertain to those infiltration
tests where some impeding layer were encountered and resultant failure of the test. Such
values were not excluded as outliers because those are part of natural soil strata. The CV
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values are comparatively less than those reported for Doabs by Malik et al., (2019). This
may be due to the reason that the active flood plains are recent alluvial deposits formed
by almost similar processes and least disturbed by anthropogenic activities, and hence
have less variability. However, CV values of fc are persistently high as frequently reported
in literature (Riikka et al., 2019; Malik et al., 2019; Bodner et al., 2013; Schwen et al.,
2011; Hu et al., 2009; Das Gupta et al., 2006).

Regarding the van Genuchten soil parameters, saturated moisture content (6s) varies
from 0.27 to 0.68 cm3®/cm? as minimum to maximum, respectively. Pertinent to note that
higher the bulk density, the lower the porosity or ©s. Furthermore, 6s is always less than
porosity due to entrapped air, which may be up to 10% of the bulk soil volume (Sakaguchi
et al., 2005). The ©s values may therefore, be seen in that context. Variability of ©s is
marginally low (11.56 to 12.65%) as also similarly reported by Malik et al., (2019) for Indus
Plain of Pakistan and Wang et al., (2014) for loess plateau of China. Trends of ©r and n
are in the upper and lower margins, respectively, of the moderate range of CV categories
similar to those reported for Loess Plateau of China. However, CV values of a in the
present case are in moderate range similar to those reported by Malik et al., (2019) for
Upper Indus Plain, but are contrary to its high variability reported by Wang et al., (2014).
The low variability was due to better resolution of data at low suction head (Malik et al.,
2019). The reason of low variability is also visible from low scatter of a having standard
deviation of 0.01 as compared to 0.08 reported as by Wang et al. (2014).

Soil organic matter is an important ingredient for various physico-chemical processes and
soil water interaction. Organic matter in soils may be in elemental (charcoal, graphite,
coal, etc.), inorganic (calcite, dolomite, siderite, etc.) and organic form (sugars,
carbohydrates, proteins, fats, organic acids, etc.). These forms of organic matter may
typically yield slightly different results depending on the method applied for its
determination. Organic matter is also presented in terms of total organic carbon (TOC)
and conversion factor of 1.724 is normally used (OM = 1.724xTOC). However, that
conversion factor is not universal and may have values of 1.724 to 2.5 depending on soil
type and depth to horizon (Schumacher, 2002).

In this study weight loss on ignition method was used and found organic matter varying
from 0.09 to 3.68% with average values from 0.68 to 1.27%, the lower values pertaining
to bottom layers (Table 6). The CV values are 50, 55 and 58% based on 100 samples
each from top to bottom layers, respectively. Azam et al. (2001) reported that carbon
content in soils of Pakistan varies from 0.52 to 1.38% and accordingly organic matter may
be considered as 0.89 to 2.37% using the conversion factor of 1.724, which is not
universal. Rizwan et al., (2016) measured the organic matter in a limited region of 0.94
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km? in Pothwar and found organic matter content varying from 0.17 to 1.51% with average
value of 0.73%. As per Rizwan et al. (2016), the CV based on 260 samples was 39%.
The reason for the higher CV is the coarse sampling resolution compared with Rizwan et
al. (2016).

Summarizing the average range and variability of the studied soil parameters in the active
flood plains in the three layers of surface, 0.5 m and 1.0 m depths: average bulk density
is 1.44 - 1.45 mg/cm? with CV in low range of 8.63 to 9.31%. Average Horton’s steady
state infiltration varies from 31.86 - 76.75 mm/hr with high CV values in the range of 135
-158%.

The average van Genuchten ©s values in the three layers are 0.45 - 0.46 cm3/cm? with
CV in the low range of 11.56 - 12.65%, ©r is 0.05 - 0.06 cm3/cm? with CV in the medium
range of 86 -93%; a ranges 0.01 - 0.02 cm™* with medium CV from 70 - 77%; and n have
average values of 1.66 — 1.90 with CV in the medium range of 37 - 53%. Average organic
matter varies in the range of 0.68 - 1.27% and have medium variability with CV ranging
50 - 58% in the in the three horizons up to 1.0 m depth.
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Figure 34: Soil moisture-retention curves for representative soil types of river banks
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Table 6: Descriptive statistics of soil physical and hydraulic parameters along the 50
selected sections of the eastern tributaries of the river Indus

Parameter Layer Max Min Average SD CV percent
S 1.90 1.21 1.45 0.13 9.31

Avg. B.D. (g/cm?) M 1.84 1.21 1.45 0.13 8.63
B 1.90 1.18 1.44 0.13 8.68

S 263.31 0.37 31.86 43.11 135.29

fc (mm/hr) M 579.49 0.05 61.98 98.15 158.35
B 460.71 0.71 76.75 110.47 143.93

S 0.56 0.27 0.45 0.05 12.08

©s (cm®/cmd) M 0.68 0.31 0.46 0.06 12.65
B 0.63 0.33 0.46 0.05 11.56

S 0.21 0.02 0.06 0.05 86.54

©r (cm®/cm?) M 0.17 0.02 0.05 0.04 85.71
B 0.29 0.02 0.05 0.04 92.62

S 0.06 0.00 0.01 0.01 69.84

a (cm?) M 0.09 0.00 0.01 0.01 69.99

B 0.08 0.00 0.02 0.01 76.89

S 5.82 1.12 1.66 0.61 36.58

(dimensnionless) M 5.82 1.07 1.83 0.81 44.40
B 8.43 1.06 1.90 1.01 53.17

S 3.68 0.16 1.27 0.63 50.14

O.M. (%) M 2.75 0.16 0.84 0.47 55.19
B 2.00 0.09 0.68 0.40 58.32
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4.

Major Findings

. Acoustic Doppler Current Profiler provides rapid and reliable measurement of river

flow regime and river morphological features. However, moving bed test, compass
calibration, magnetic declination, deviation and multipath errors require special
consideration.

. Riverbed material mean particle sizes decrease towards downstream reaches in

conformity with the Sternberg’s law in the rivers Jhelum, Chenab and Rauvi.
However, mean particle size increases toward downstream reach of the river Sutlej
due to anthropogenic alterations in its inherent flow regime. The rivers Ravi and
Sutlej are losing their inherent characteristics due to stoppage of water by India.

. Uniformity coefficient (Cu) of the bed material have mixed and unpredictable trends

due to linkage of all the four tributaries through inter-link canals.

. Seepage rates have mixed trends in almost all the rivers and is determined by local

conditions and solil strata, but are generally more in upper reaches in line with
mean particle size of the bed material.

. Silt loam, loam and sandy loam are dominant soil classes in all the three layers of

the studied depth. However, coverage of sand dominant soil classes increases
with increase in depth.

. Horton’s infiltration model fits better than Philip’s on the infiltration data of active-

flood plains. The dominant range of Horton’s steady-state infiltration rate at the
surface and middle layers is 15-30 mm/hr, whereas it is 60-90 mm/hr at the bottom
layer showing increasing trend towards bottom layer of 1.0 m depth.

. Average bulk density of the active-flood plains is 1.44 - 1.45 mg/cm? with CV in low

range of 8.63 - 9.31%. Average Horton’s steady-state infiltration rate varies from
31.86 - 76.75 mm/hr with high CV in the range of 135 - 158%.

. Average van Genuchten 6s values in the three layers are 0.45 - 0.46 cm®/cm? with

CV in the low range of 11.56 - 12.65%; ©r 0.05 - 0.06 cm®/cm?3 with CV in the
medium range of 86 - 93%; a ranges 0.01 - 0.02 with medium CV of 70 - 77%; and
n have average values of 1.06 -1.90 with CV in the medium range of 37 - 53%.

. Average organic matter is 0.68 -1.27% and have medium variability with CV

ranging 50 - 58% in the three horizons up to 1.0 m depth.
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Annexure A-l

ADCP Measurements and River Sections Bed Material Data

River Jhelum

) ) Mag_A Irc:::_l MPRR DisAc\ég.rge R’_iver Outliers- Actual- DisAc\ég.rge R_iver Outliers- Aggf{l_ . FFC Se/:\;;gaQe Right Bank Left Bank
Site Code Date Coordinates De(?,;m' sects ()% @®7) év_lrd(trt:u (NB;—s) B_I?(IE;% (GPS) Gv;l(sjt(hn-]) ((’3\‘22) GPS ler(;]g/asr)ge Rate Dso Do
(Nos) (ms) * (m?s) ©% mmiday) | S | mmy | S| (mm)
JEH-01 07/11/2017 32.907 73.722 2.38 4 5 698.57 488.9 0 -1.53 705.41 490.7 0 3.18 991.22 2.350 1.60 0.21 38.46 0.24
JEH-02 10/11/2017 32.678 73.490 2.34 6 75 483.53 439.4 0 -5.77 492.97 432.2 1 8.9 557.92 1.305 4.00 0.14 6.33 0.35
JEH-03 13/11/2017 32.436 72.778 2.34 4 5 552.1 499.8 2 -11.16 609.17 496.59 2 -8.07 - 1.132 28.00 0.13 2.14 0.28
JEH-04 16/11/2017 32.425 72.761 2.35 4 5 610.26 520.5 0 4.01 645.43 523.56 0 -4.26 - 1.360 1.50 0.19 1.70 0.16
JEH-05 03/01/2018 32.296 72.397 2.34 6 75 71.486 755 0 -1.53 58.016 75.88 2 -13.18 - 0.458 2.00 0.22 2.05 0.31
JEH-06 08/01/2018 32.015 72.268 2.28 4 5 83.03 140.4 0 -3.38 87.394 140.18 0 -1.12 - 0.683 1.42 0.20 1.50 0.20
JEH-07 11/01/2018 31.830 72.239 2.24 8 9.7 95.532 128.7 0 5.35 97.088 128.53 0 6.92 - 0.264 1.46 0.21 1.53 0.21
JEH-08 14/01/2018 31.405 72.099 2.15 4 5 96.853 169.5 2 -15.45 107.51 172.85 0 9.12 - 0.561 1.76 0.27 4.25 0.15
JEH-09 27/01/2018 31.173 72.149 2.10 4 5 66.94 113.4 0 -3.6 71.318 113.92 3 11.36 - 0.892 1.73 0.17 2.55 0.25
JEH-10 28/02/2018 33.360 73.568 2.52 8 9.7 188.98 127.3 0 -5.34 195.67 128.07 0 -3.9 - - 2.00 0.22 2.05 0.31
JEH-11 04/03/2018 33.495 73.603 2.56 6 75 353.96 106.8 0 5.19 352.21 105.16 0 4.17 - - 1.42 0.20 1.50 0.20
JEH-12 02/03/2018 33.731 73.602 2.61 4 5 193.66 33.8 1 5.13 177.98 32.48 2 14.11 - - 3.54 0.24 5.47 0.28
JEH-13 06/05/2018 32.495 72.882 2.37 4 5 623.7 667.5 0 3.2 629.97 667.31 2 -7.73 - 2.000 6.29 0.19 6.00 0.17
JEH-14 08/05/2018 32.394 72.560 2.37 4 5 624.42 192.4 0 -4.69 691.85 191.11 2 -5.28 - 2.050 2.20 0.20 2.00 0.20
JEH-15 17/08/2018 31.619 72.143 2.23 2 1.7 325.48 331.3 2 -14.68 363.97 350.38 2 -20.35 - 0.774 6.25 0.22 2.20 0.20
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Annexure A-ll

River Chenab

) ) Mag. Total Disi\r/g:llrge v};lc\i/fr: Outliers- | Actual- Disi\r/m%'rge \ch;lfhr Outliers- Actual- ~FFC Se)t;\;/)ga'ge ignht Bank heft Bank
Site Code Date Coordinates Deilln. transects | MPRR(+)% (BT) BT BT RR- (GPS) GPS GPS RR- Dlscgarge Rate

©) (Nos) (ms) ™) (Nos) BT(¥)% (ms) m) (Nos) GPS(+)% (m3s) (mmiday) Cu (3::]) C (3::])
CNB-01 07/10/2017 32.721 74.516 2.27 4 5 450.67 328.2 1 5.8 486.18 344.4 1 -6.54 549.42 1.270 1.80 0.37 1.78 0.39
CNB-02 10/10/2017 32.485 74.087 2.25 6 7.5 116.839 205.8 0 -6.23 113.728 205.2 0 -5.05 113.28 2.230 1.64 0.25 0.15 0.15
CNB-03 13/10/2017 32.113 73.299 2.22 6 7.5 21.819 139.7 0 -3.89 22.083 138.4 0 -2.62 - 1.584 1.86 0.25 2.33 0.24
CNB-04 14/10/2017 | 31.749 | 72.947 2.16 3 35 23.48 158.1 2 -10.04 25.099 157.1 3 13.14 - 1.429 2.33 0.14 141 0.15
CNB-05 17/10/2017 | 31.611 | 72.567 2.15 3 35 20.13 43.8 2 -13.42 23.552 48.36 2 28.171 - 1.559 2.62 0.19 1.66 0.22
CNB-06 21/10/2017 | 32.318 | 73.690 2.24 4 5 304.291 581.1 0 -0.77 296.699 571 0 -3.31 331.35 1.040 2.50 0.15 | 21.42 | 0.15
CNB-07 24/10/2017 | 31.409 | 72.295 2.13 4 5 38.651 84.4 0 -2.03 38.483 84.76 0 2.7 - 1.830 2.00 0.20 1.67 0.20
CNB-08 27/10/2017 | 31.164 | 72.146 2.08 6 75 450.141 4125 0 2.3 455.64 413.2 0 -2.74 113.28 2.180 1.66 0.25 15.00 | 0.15
CNB-09 30/10/2017 | 30.824 | 71.943 2.01 4 5 157.778 251.6 0 -2.34 160.773 251.6 0 -4.7 - 0.340 1.33 0.20 1.33 0.20
CNB-10 18/01/2018 | 30.582 | 71.746 1.99 6 75 223.526 189.6 0 5.52 224,587 191 3 8.95 - 0.986 1.61 0.27 1.65 0.27
CNB-11 21/01/2018 | 30.519 | 71.576 1.98 8 9.7 197.51 195.3 0 271 204.058 194.4 0 5.18 - 1.389 40.00 | 0.14 | 48.15 | 0.10
CNB-12 24/01/2018 | 30.288 | 71.369 1.94 8 9.7 232.335 227.9 0 -2.88 227.668 233.8 0 -7.44 - 1.173 2.00 0.18 | 4571 | 0.14
CNB-13 02/02/2018 | 30.072 | 71.282 1.90 4 5 200.047 255.4 0 1.75 203.182 255.9 0 -1.65 - 1.263 43.18 | 0.16 1.50 0.22
CNB-14 05/02/2018 | 29.840 | 71.173 1.86 4 5 151.891 196.0 0 -2.01 154.314 196.9 0 -1.55 - 0.764 8.33 0.14 171 0.22
CNB-15 08/02/2018 | 29.670 | 71.128 1.82 4 5 201.164 239.6 0 1.76 199.654 239.1 0 -2.04 - 1.344 3.54 0.20 2.24 0.19
CNB-16 11/02/2018 29.350 71.029 1.76 4 5 137.475 370.0 2 8.87 131.998 371.1 2 5.79 67.97 1112 31.10 0.13 3.30 0.21
CNB-17 14/02/2018 29.260 70.906 1.75 8 9.7 110.991 217.7 3 -17.33 110.423 216.9 4 -19.33 33.99 0.784 1.54 0.18 35.00 0.14
CNB-18 17/04/2018 31.943 73.147 2.22 4 5 12.173 222.4 4 40.7 15.8 222.6 2 -12.26 - 0.653 5.50 0.28 4.17 0.22
CNB-19 12/05/2018 | 31.036 | 72.104 2.08 6 75 269.107 202.6 0 -1.43 278.838 203.3 0 -6.45 286.038 2.110 53.33 | 0.13 1.90 0.25
CNB-20 11/08/2018 32.594 74.283 231 4 5 1122.97 476.5 0 1.63 1167.73 475.5 0 2.73 1537.81 1.426 1.56 0.23 2.72 0.20
CNB-21 12/08/2018 32.362 73.836 2.29 4 5 1255.71 489.6 0 -4.78 1422.4 504.9 0 19 1498.16 1.257 1.47 0.23 25.71 0.15
CNB-22 14/08/2018 32.241 73.459 2.29 4 5 1541.48 583.4 1 6.96 2494.15 577.9 0 -3.74 - 0.720 22.86 0.14 28.00 0.14
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Annexure A-lll

River Ravi
i i Right Bank Left Bank
site Mag. Total Disi\rgr e \;’i'(;/ﬁ]r_ Outliers- | Actual- Disi\r/gllr e \A’/?ilc\i/fr:- Outliers- Actual- FFC SeAeV%' e
Date Coordinates Declin. | transects | MPRR(+)% 9 BT RR- 9 GPS RR- Discharge pag

Code ©) (Nos) (BT) BT (Nos) | BT | (CPS) GPS (Nos) | GPSE)% (m¥s) Rate c Dso c Dso

(m%/s) (m) - (m¥/s) (m) = (mm/day) Y (mm) " (mm)
RV-01 13/04/2018 31.721 74.471 2.07 4 5 23.406 88.38 0 -1.82 22.898 90.3 1 -6.42 - 0.622 1.50 0.22 271 0.21
RV-02 14/04/2018 31.635 74.337 2.06 4 5 18.331 67.66 0 -1.45 17.972 71.07 2 8.22 - 1.350 1.82 0.28 1.41 0.23
RV-03 10/05/2018 31.236 73.876 2.01 4 5 344.681 254.94 0 0.71 423.717 255.6 1 -6.84 339.847 1.430 0.20 1.47 0.21
RV-04 16/08/2018 31.221 73.857 2.02 4 5 718.191 551.43 1 -7.4 651.078 554.6 1 -6.62 560.748 1.210 34.04 0.14 34.00 0.14
RV-08 22/09/2017 30.611 72.534 1.92 10 11.7 25.644 88.68 0 -4.41 25.436 89.06 0 -8.56 - 0.735 25.00 0.13 15.80 0.14

River Sutlej
A Ri A Ri A Right Bank Left Bank
vg. iver . vg. iver . vg.
. Mag. Total " X Outliers- Actual- . N Outliers- Actual- FFC

Site Date Coordinates Declin. | transects | MPRR(+)% Discharge width- BT RR- Discharge | width- GPS RR- Discharge Seepage
Code ©) (Nos) (BT) BT (Nos) | BT | (CFS) GPS (Nos) | GPS®)% (m3s) Rate c Dso c Dso

(m%/s) (m) = (m®/s) (m) = (mm/day) u (mm) u (mm)
SUT-02 03/10/2017 30.091 73.231 1.76 6 75 7.68 60.60 0 -6.02 7.32 59.99 0 -5.92 0.348 14.20 0.16 6.50 0.14
SUT-03 30/09/2017 29.970 72.873 1.76 6 75 7.64 55.80 0 5.74 7.81 56.00 1 -10.96 1.251 2.40 0.17 2.30 0.15
SUT-04 28/09/2017 29.886 72.704 1.75 8 9.7 10.23 94.59 0 -8.28 10.35 95.42 0 7.70 0.589 42.80 0.13 4.40 0.14
SUT-05 25/09/2017 29.846 72.370 1.76 4 5.0 13.94 74.98 0 3.66 13.77 75.44 1 5.19 1.692 46.40 0.09 10.00 0.14
SUT-06 16/09/2017 29.576 72.117 1.72 5 6.3 62.90 73.11 0 -2.87 60.58 72.96 1 10.60 1.107 4.37 0.59 2.40 0.40
SUT-07 16/09/2017 29.451 71.851 1.71 6 7.5 79.08 84.57 0 3.36 77.62 84.23 0 -4.70 0.982 1.88 0.29 30.95 0.13
SUT-08 13/09/2017 29.437 71.633 1.72 4 5.0 145.76 294.87 3 -22.76 94.65 218.95 4 -47.26 138.75 1.700 2.00 0.14 3.14 0.60
SUT-09 10/09/2017 29.399 71.188 1.74 8 9.7 108.59 91.72 0 -7.20 111.39 90.65 0 -2.18 325.64 1.107 2.06 0.17 3.75 0.14
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Annexure B-I

Measurement Sections Banks (Active Flood Plains) Data

River Jhelum

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
) 5 Site Location S A ﬁl?ll] R? Fc k R? es er a n S\L/I?k Clay | Silt | Sand Soil Class Organic
Site Code E Rate Density Matter
Lat. Long. mm/hr2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glem® % % % %

S 79.69 0.006 19.93 0.995 27.81 6.19 0.982 0.424 0.043 0.047 1.251 1.56 8.6 36.7 54.8 Sandy Loam 0.81

R M 32,914 | 73.722 55.31 0.006 13.83 0.993 14.07 18.53 0.973 0.425 0.020 0.014 | 1.248 1.67 2.6 66.0 314 Silt Loam 0.65

B 12.05 0.006 3.02 0.982 3.99 7.28 0.988 0.418 0.057 0.048 | 4.668 1.44 0.6 33 96.1 Fine Sand 0.21

JEnioL S 14.35 0.006 3.59 0.970 4.15 8.40 0.981 0.498 0.041 0.009 | 1.537 1.43 6.6 38.7 54.8 Sandy Loam 0.86
L M 32.906 | 73.729 12.52 0.692 3.82 0.864 5.40 41.93 0.932 0.470 0.064 0.009 | 1.335 1.72 4.6 52.7 42.8 Silt Loam 0.73

B 4.64 0.006 1.17 0.925 1.35 6.31 0.967 0.486 0.020 0.007 1.118 1.50 10.6 80.0 9.4 Silt 1.37

S 47.26 0.006 11.82 0.973 17.77 30.47 0.993 0.474 0.020 0.020 1.332 1.34 4.6 60.0 35.4 Silt Loam 0.88

R M 32.680 74.492 3291 0.006 8.23 0.983 9.54 4.31 0.995 0.475 0.091 0.014 1.374 1.52 0.6 74.0 25.4 Silt Loam 0.55

B 18.96 0.006 4.75 0.979 4.78 15.98 0.948 0.500 0.036 0.026 1.368 1.50 4.6 39.3 56.1 Sandy Loam 0.46

Jeniez S 17151 4.949 47.83 0.962 70.07 7.17 0.921 0.473 0.063 0.021 | 3.845 1.40 4.0 14.7 81.3 Loamy Sand 0.48
L M 32.677 | 73.495 254.94 23.974 87.71 0.975 93.18 2.59 0.978 0.492 0.020 0.021 | 1.407 1.55 2.0 42.0 56.0 Sandy Loam 0.46

B 20.95 31.308 36.55 0.997 39.58 16.55 0.997 0.504 0.028 0.013 | 1.416 1.64 6.0 44.0 50.0 Sandy Loam 0.44

S 14.36 7.574 11.17 0.993 13.31 38.01 0.995 0.479 0.020 0.009 | 1.359 1.55 10.6 | 58.7 30.8 Silt Loam 1.10

R M 32580 | 73.155 27.76 33.264 40.20 0.986 17.67 0.49 0.996 0.465 0.020 0.009 | 1.199 1.48 6.6 49.3 44.1 Sandy Loam 0.90

B 22.61 7.803 13.46 0.990 14.57 3.11 0.988 0.482 0.167 0.001 8.428 1.46 6.6 46.0 47.4 Sandy Loam 1.24

JEnios S 7.81 21.071 23.02 0.999 24.29 21.65 0.998 0.495 0.043 0.016 | 1.683 1.67 6.6 33.3 60.1 Sandy Loam 0.44
L M 32573 | 73.156 74.82 80.084 98.79 0.997 | 104.78 3.70 0.996 0.477 0.071 0.022 | 1.900 1.48 0.6 28.7 70.8 Loamy Sand 0.49

B 8.70 4.446 6.62 0.998 7.69 7.43 0.997 0.486 0.170 0.012 | 1.245 1.55 106 | 67.3 221 Silt Loam 0.60

S 19.62 13.607 18.51 0.991 21.23 27.64 0.997 0.466 0.043 0.015 | 1.621 1.42 4.6 52.7 42.8 Silt Loam 0.48

R M 32431 | 72.763 32.12 29.082 37.11 0.999 41.95 17.09 0.997 0.500 0.060 0.008 | 2.016 1.44 2.6 63.3 341 Silt Loam 0.53

B 28.42 63.167 70.27 0.999 74.26 11.18 0.998 0.435 0.040 0.025 | 4.462 1.39 0.9 33 95.8 Fine Sand 0.49

Jewios S 0.47 14.325 14.44 0.998 14.44 47.24 0.998 0.496 0.065 0.008 1.639 1.53 4.6 71.3 24.1 Silt Loam 0.85
L M 32.425 72.758 19.44 6.448 11.31 0.996 12.52 3.16 0.995 0.445 0.020 0.004 1.449 1.64 6.6 66.7 26.8 Silt Loam 0.75

B 13.44 10.402 13.76 0.999 15.77 16.26 0.996 0.505 0.285 0.007 | 1.739 1.45 0.6 81.3 18.1 Silt 0.49
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River Jhelum

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
- Site Location 4h.r ) ) Avg. ) ) Organic
Site Code 2 S A Infil R Fc k R Os er o n Bull_< Clay Silt Sand Soil Class Matter
] Rate Density
Lat. Long. mm/hr2 mm/hr mm/hr mm/hr cm¥ecm® | cm¥cm?® glem® % % % %
S 30.75 0.006 7.69 0.941 8.84 16.94 0.895 0.451 0.172 0.019 | 1.604 1.41 231 | 393 375 Loam 1.98
R M 32.308 | 72.397 31.91 0.006 7.98 0.905 5.11 4.09 0.991 0.458 0.020 0.022 | 1.357 151 9.1 20.0 70.9 Sandy Loam 1.14
B 4.56 4.418 5.56 0.986 5.87 4.24 0.990 0.481 0.020 0.059 | 1.083 1.70 39.1 | 50.0 10.9 Silty Clay Loam 1.58
JERIOS S 47.91 46.682 58.66 0.996 66.01 16.19 0.994 0.463 0.020 0.010 | 1.246 1.84 11 76.7 222 Silt Loam 1.06
L M 32.296 72.405 0.59 54.945 55.09 0.995 55.30 1019.80 0.995 0.428 0.020 0.010 1.371 1.68 3.1 47.3 49.5 Sandy Loam 1.35
B 1533.67 62.977 446.39 0.985 456.54 2.07 0.997 0.591 0.023 0.032 1.883 1.40 1.0 1.3 97.7 Sand 0.62
S 57.27 13.534 27.85 0.996 35.73 12.11 0.993 0.505 0.056 0.009 1.543 1.53 9.1 60.0 30.9 Silt Loam 1.29
R M 32.017 72.263 89.86 40.242 62.71 0.997 75.19 9.75 0.990 0.483 0.143 0.016 2.287 1.35 3.1 48.0 48.9 Sandy Loam 0.68
B 18.97 4.163 8.90 0.909 11.13 15.28 0.942 0.430 0.027 0.014 | 1.366 1.38 11 54.0 44.9 Silt Loam 0.65
IR0 S 126.12 77.221 108.75 | 0.997 | 126.80 11.25 0.991 0.395 0.186 0.007 | 1.822 1.28 51 74.7 20.2 Silt Loam 1.96
L M 32.010 | 72.270 28.22 0.006 7.06 0.977 10.79 14.11 0.986 0.452 0.099 0.011 | 1.681 1.41 19.1 69.3 115 Silt Loam 1.04
B 18.32 1.865 6.44 0.992 7.94 3.61 0.987 0.465 0.056 0.015 | 1.223 1.45 29.1 64.0 6.9 Silty Clay Loam 1.14
S 36.00 87.864 96.86 0.998 97.94 2.87 0.998 0.406 0.138 0.011 | 1.454 1.55 111 62.7 26.2 Silt Loam 1.46
R M 31.837 72.231 52.42 29.151 42.25 1.000 48.56 7.06 0.997 0.420 0.020 0.007 1.413 1.52 9.1 44.0 46.9 Loam 1.19
B 15.36 12.325 16.16 0.998 18.31 11.47 0.996 0.441 0.020 0.007 1.241 1.53 13.1 72.7 14.2 Silt Loam 1.32
e S 8.14 0.006 2.04 0.983 2.83 9.53 0.991 0.441 0.020 0.019 | 1.211 1.66 15.1 65.3 19.5 Silt Loam 0.86
L M 31.837 | 72.242 11.77 0.006 2.95 0.976 4.04 5.18 0.987 0.440 0.020 0.006 | 1.229 1.59 19.1 60.0 20.9 Silt Loam 0.49
B 5.40 0.006 1.36 0.929 1.41 10.19 0.969 0.481 0.119 0.015 | 1.169 1.39 51 73.3 215 Silt Loam 0.99
S 13.19 0.413 3.71 0.992 4.63 3.19 0.992 0.414 0.045 0.014 | 1.591 1.49 51 48.7 46.2 Sandy Loam 0.81
R M 31.406 | 72.098 0.26 7.738 7.80 0.996 7.87 839.83 0.996 0.432 0.170 0.005 | 2.136 1.54 9.1 63.3 275 Silt Loam 1.22
B 0.08 42.434 42.43 0.999 42.40 568.28 0.999 0.415 0.020 0.009 1.186 1.52 3.1 84.0 12.9 Silt 1.34
JEnies S 9.10 1.333 3.61 0.985 4.94 12.54 0.963 0.401 0.020 0.025 | 1.154 1.57 11 83.4 15.5 Silt 1.79
L M 31.405 72.112 26.61 19.167 25.82 0.976 29.68 8.45 0.963 0.424 0.020 0.013 1.382 1.48 11 81.3 17.5 Silt 0.97
B 22.08 13.694 19.21 0.998 22.44 13.46 0.994 0.425 0.049 0.011 | 3.369 1.33 11 48.0 50.9 Sandy Loam 0.67
S 8.85 0.081 2.29 0.991 3.88 19.99 0.947 0.509 0.135 0.015 | 1.449 1.26 13.1 64.7 222 Silt Loam 1.87
R M 31.198 | 72.125 7.78 2.602 4.55 0.988 5.37 5.85 0.979 0.444 0.083 0.011 | 1.288 1.62 1.1 72.0 16.9 Silt Loam 1.49
JEnI09 B 7.92 4.904 6.88 0.986 7.19 2.94 0.985 0.495 0.078 0.008 | 1.620 1.52 51 80.0 14.9 Silt 0.61
L S 31.200 | 72.134 7.62 0.006 191 0.981 2.26 5.29 0.975 0.423 0.204 0.011 | 2.667 1.50 3.1 48.0 48.9 Sandy Loam 0.41
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River Jhelum

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
- Site Location 4h.r ) ) Avg. ) ) Organic
Site Code 2 S A Infil R Fc k R Os er o n Bull_< Clay Silt Sand Soil Class Matter
] Rate Density
Lat. Long. mm/hr2 mm/hr mm/hr mm/hr cm¥ecm® | cm¥cm?® glem® % % % %
M 6.67 0.006 1.67 0.993 2.38 7.85 0.977 0.435 0.020 0.007 | 1.162 1.49 51 56.0 38.9 Silt Loam 0.47
B 4.91 0.006 1.23 0.997 1.69 6.55 0.990 0.396 0.127 0.006 | 1.979 1.55 51 48.7 46.2 Sandy Loam 0.53
S 41.97 39.837 50.33 0.999 56.75 19.21 0.997 0.466 0.097 0.025 | 1.727 1.42 4.6 30.0 65.4 Sandy Loam 1.25
R M 33.358 | 73.569 0.08 19.993 19.99 0.996 19.97 2086.65 | 0.996 0.345 0.063 0.017 | 1.367 1.66 8.6 30.7 60.8 Sandy Loam 0.90
B 60.36 0.006 15.10 0.998 21.70 16.57 0.975 0.431 0.101 0.018 1.719 1.63 6.6 32.0 61.4 Sandy Loam 0.92
JERI0 S 17.10 11.402 15.68 0.992 15.34 2.06 0.996 0.507 0.095 0.007 1.613 1.33 2.6 70.7 26.8 Silt Loam 0.49
L M 33.357 73.571 508.76 54.722 181.91 0.988 177.59 1.93 0.996 0.516 0.149 0.005 2.051 1.31 0.6 72.0 27.4 Silt Loam 0.57
B 9.06 52.840 55.10 0.996 56.59 16.99 0.996 0.487 0.146 0.009 1.657 1.43 2.6 78.0 19.4 Silt Loam 0.57
S 7.25 49.998 51.81 0.998 52.79 7.77 0.998 0.395 0.079 0.026 | 1.430 1.64 0.6 26.0 734 Loamy Sand 1.23
R M 33.496 | 73.578 12.67 5.452 8.62 0.992 10.22 7.09 0.982 0.435 0.136 0.019 | 1.574 1.53 0.6 22.7 76.8 Loamy Sand 1.05
B 21.42 5.801 11.16 0.967 14.60 16.27 0.936 0.424 0.020 0.024 | 1.259 1.63 0.6 52.4 47.0 Silt Loam 1.05
IR S 21.40 23.593 28.94 0.997 28.16 1.69 0.999 0.563 0.020 0.010 | 1.312 1.23 4.6 84.0 11.4 Silt 1.65
L M 33.495 | 73.604 11.49 5.530 8.40 0.999 9.83 7.30 0.995 0.551 0.020 0.003 | 1.419 1.26 2.6 80.7 16.8 Silt 1.84
B 7.07 0.796 2.56 0.995 3.17 4.03 0.990 0.635 0.064 0.008 | 1.592 1.24 2.6 84.0 13.4 Silt 1.49
S 8.19 11.535 13.58 0.995 14.70 16.75 0.996 0.340 0.020 0.044 | 1.166 1.90 146 | 46.0 39.4 Loam 0.61
R M 33.731 73.601 20.40 21.206 26.31 0.998 29.19 13.01 0.997 0.411 0.020 0.009 1.326 1.80 8.6 42.7 48.8 Loam 0.41
B 7.72 4.954 6.88 0.994 7.31 3.35 0.995 0.341 0.020 0.004 | 1.380 1.85 10.6 | 44.0 45.4 Loam 0.24
Jeniz S 7.62 13.536 15.44 0.997 16.45 11.99 0.997 0.311 0.020 0.019 | 1.189 1.87 10.6 | 56.0 334 Silt Loam 0.49
L M 33.733 | 73.602 23.60 13.248 19.15 0.995 22.14 8.28 0.992 0.338 0.020 0.012 | 1.185 1.84 20.6 | 54.0 254 Silt Loam 0.57
B 7.12 9.119 10.90 0.973 11.87 17.16 0.974 0.328 0.020 0.012 | 1.189 1.90 16.6 | 56.0 274 Silt Loam 0.57
S 62.75 0.006 15.70 0.987 18.42 7.56 0.992 0.345 0.059 0.020 | 1.445 1.68 12.9 28.7 58.5 Sandy Loam 0.96
R M 32.498 | 72.873 12.79 9.378 12.58 0.956 13.94 17.35 0.972 0.397 0.095 0.020 | 1.286 1.50 289 | 433 27.8 Clay Loam 1.18
B 49.87 76.646 89.11 0.998 95.64 11.90 0.999 0.390 0.062 0.012 | 1.558 1.58 8.9 50.0 41.1 Silt Loam 0.64
s S 68.93 0.006 17.24 0.999 23.96 11.55 0.985 0.371 0.062 0.017 | 1.800 1.44 8.9 16.0 75.1 Sandy Loam 1.61
L M 32.491 | 72.885 43.78 1.735 12.68 0.996 17.29 5.48 0.984 0.335 0.039 0.011 | 1.525 1.40 10.9 253 63.8 Sandy Loam 1.38
B 60.13 0.006 15.04 0.995 19.18 7.90 0.990 0.383 0.065 0.023 | 1.661 1.48 8.9 24.0 67.1 Sandy Loam 121
S 27.93 16.782 23.77 0.997 27.36 7.72 0.992 0.408 0.079 0.021 | 2.633 1.41 4.9 16.0 79.1 Loamy Sand 0.66
JEH/14 R 32.397 72.548
M 42.33 124717 | 135.30 | 0.999 | 141.36 2222 0.999 0.411 0.086 0.027 | 1.601 1.35 8.9 253 65.8 Sandy Loam 1.37
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River Jhelum

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
- Site Location 4h.r ) ) Avg. ) ) Organic
Site Code 2 S A Infil R Fc k R Os er o n Bull_< Clay Silt Sand Soil Class Matter
] Rate Density
Lat. Long. mm/hr2 mm/hr mm/hr mm/hr cm¥ecm® | cm¥cm?® glem® % % % %
B 62.70 9.940 25.62 0.998 33.99 10.33 0.995 0.375 0.070 0.021 | 2.908 1.45 2.9 6.0 91.1 Sand 1.18
S 0.08 46.050 46.05 0.983 46.05 228.40 0.983 0.428 0.089 0.020 | 1.418 1.44 8.9 21.3 69.8 Sandy Loam 1.99
L M 32.389 | 72.567 117.29 183.738 | 213.07 | 0.990 | 228.54 6.90 0.986 0.360 0.044 0.015 | 1.733 1.54 6.9 21.3 71.8 Sandy Loam 0.38
B 0.08 94.893 94.89 0.997 94.82 410.40 0.997 0.366 0.020 0.017 | 1.322 1.59 10.9 26.0 63.1 Sandy Loam 0.20
S 26.09 10.985 17.51 0.995 19.62 4.06 0.993 0.272 0.020 0.013 1.393 1.65 8.9 18.0 73.1 Sandy Loam 0.91
R M 31.621 72.129 4.18 12.984 14.03 0.999 14.66 11.59 0.998 0.305 0.020 0.016 1.388 1.59 8.9 17.3 73.8 Sandy Loam 0.79
B 26.25 4.248 10.81 0.989 14.59 16.40 0.986 0.447 0.031 0.010 2.007 1.44 4.9 26.0 69.1 Sandy Loam 0.57
JERIS S 21.33 0.006 5.34 0.984 4.95 1.98 0.997 0.435 0.020 0.011 1.166 1.57 30.9 51.3 17.8 Silty Clay Loam 1.60
L M 31.624 | 72.152 5.25 6.887 8.20 0.999 8.91 13.01 0.999 0.409 0.042 0.013 | 1.623 1.48 8.9 30.7 60.5 Sandy Loam 0.88
B 15.76 20.055 24.00 0.993 26.07 9.76 0.992 0.442 0.021 0.015 | 1.442 1.54 109 | 473 41.8 Loam 0.46
Outliers

65




Annexure B-Il

River Chenab

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
. 5 Site Location 4ahr s ) Avg. ) ) Organic
Site Code < S A Infil R Fc k R Os er a n Bulll< Clay Silt Sand Soil Class Matter
T Rate Density
Lat. Long. mm/hr/2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glcm?® % % % %
S 4.08 5.901 6.92 0.948 7.22 58.03 0.962 0.495 0.031 0.008 1.772 1.48 4.0 65.3 30.7 Silt Loam 0.80
R M 32.725 74.510 13.75 2.644 6.08 0.986 8.21 17.05 0.996 0.489 0.042 0.008 2.052 1.47 4.0 48.0 48.0 Sandy Loam 0.87
B 12.76 4.654 7.84 0.985 6.11 1.22 0.996 0.479 0.020 0.016 | 1.410 1.43 6.0 65.3 28.7 Silt Loam 124
cnelot S 12.81 0.087 3.29 0.998 5.06 10.89 0.974 0.485 0.022 0.004 | 1.679 1.38 10.0 | 821 7.9 Silt 1.22
L M 32.721 | 74.523 7.81 12.969 14.92 0.997 16.04 45.00 0.999 0.566 0.023 0.006 | 2.345 121 4.0 67.4 28.6 Silt Loam 0.53
B 20.49 3.184 8.31 0.996 9.83 3.42 0.998 0.457 0.020 0.001 | 1.649 1.42 24.0 71.4 4.6 Silt Loam 1.00
S 53.21 4.839 18.14 0.995 24.60 7.35 0.999 0.337 0.038 0.011 1.925 1.61 1.4 24.8 73.8 Loamy Sand 0.27
R M 32.487 74.090 51.67 18.163 31.08 0.998 37.41 7.38 0.994 0.450 0.050 0.016 2.980 1.44 1.4 18.1 80.5 Loamy Sand 0.70
B 21.30 8.804 14.13 0.995 15.04 2.78 0.995 0.500 0.049 0.008 1.785 1.29 0.6 35.5 63.9 Sandy Loam 0.29
cnefoz S 31.76 5.569 13.51 0.998 18.09 13.42 0.989 0.458 0.067 0.014 1.647 1.41 3.4 42.1 54.5 Sandy Loam 2.07
L M 32.481 | 74.092 10.09 5.488 8.01 0.999 9.68 39.76 0.992 0.537 0.020 0.013 | 1.318 1.42 7.4 85.4 7.1 Silt 0.58
B 65.21 26.854 43.16 0.996 51.33 7.13 0.987 0.497 0.020 0.025 | 1.400 1.41 5.4 67.4 27.1 Silt Loam 0.31
S 310.73 154.280 | 231.96 | 0.998 | 263.31 5.35 0.995 0.465 0.029 0.031 | 2.648 1.33 16.0 7.4 76.6 Sandy Loam 0.16
R M 32.120 | 73.297 392.48 148.549 | 246.67 | 0.997 | 256.16 222 0.999 0.511 0.034 0.023 | 2.860 1.38 0.0 4.8 95.2 Sand 0.16
B 240.40 196.600 | 256.70 | 0.993 | 244.61 1.73 0.997 0.485 0.068 0.025 | 4.056 1.30 0.0 34 96.6 Sand 0.13
cnels S 76.82 0.006 19.21 0.998 28.02 9.90 0.977 0.493 0.030 0.010 | 1.716 1.29 2.0 50.8 47.2 Silt Loam 1.49
L M 32.109 73.299 13.65 1.315 4.73 0.994 7.20 60.16 0.966 0.470 0.020 0.011 1.373 1.45 8.0 65.4 26.6 Silt Loam 1.26
B 383.33 67.876 163.71 | 0.998 | 199.25 4.52 0.995 0.440 0.027 0.020 | 2.165 1.42 1.0 16.0 83.0 Sand 0.19
S 351 5.921 6.80 0.999 7.39 61.52 0.997 0.474 0.065 0.005 | 1.536 1.50 13.4 66.0 20.6 Silt Loam 0.50
R M 31.750 | 72.946 11.05 103.604 | 106.37 | 0.999 | 107.37 7.34 0.999 0.477 0.034 0.006 | 2.455 1.48 3.4 36.7 59.9 Sandy Loam 0.79
B 0.00 139.153 | 139.15 | 0.998 | 139.08 725.87 0.998 0.453 0.032 0.007 | 2.931 1.47 14 433 55.2 Sandy Loam 0.21
cnelos S 31.94 16.609 24.59 0.998 27.62 4.65 0.995 0.519 0.023 0.006 | 1.761 1.49 7.4 68.7 239 Silt Loam 0.33
L M 31.750 | 72.958 166.88 383.994 | 425.71 | 0.999 | 448.97 9.80 0.998 0.685 0.038 0.014 | 2.654 1.26 3.4 14.7 81.9 Loamy Sand 0.32
B 104.94 353.586 | 379.82 | 0.997 | 394.79 7.35 0.996 0.515 0.035 0.017 | 3.694 1.26 14 12.7 85.9 Sand 0.18
S 44.96 0.006 11.25 0.997 14.50 12.63 0.976 0.434 0.020 0.018 | 1.388 1.55 4.0 88.1 7.9 Silt 2.95
CNB/05 R 31.610 72.554
M 17.22 14.181 18.49 0.997 18.46 2.00 0.999 0.431 0.020 0.013 1.503 1.50 6.0 55.4 38.6 Silt Loam 0.33
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River Chenab

Philips Comu. Infil.

Horton Comu. Infil.

van Genchuten Constants

Soil Texture, Bulk Density and Organic Matter

. 5 Site Location 4ahr s ) Avg. ) ) Organic
Site Code < S A Infil R Fc k R Os er a n Bulll< Clay Silt Sand Soil Class Matter
T Rate Density
Lat. Long. mm/hr/2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glcm?® % % % %
B 531.97 228.349 361.34 0.998 368.55 1.98 0.999 0.466 0.057 0.032 3.375 1.29 0.8 3.8 95.4 Sand 0.09
S 27.38 15.364 22.21 0.995 22.27 2.11 0.997 0.494 0.083 0.007 2.399 1.43 30.0 52.8 17.2 Silty Clay Loam 0.80
M 31.603 72.564 17.61 13.665 18.07 0.996 17.44 1.72 0.998 0.556 0.020 0.085 1.167 1.35 26.0 67.4 6.6 Silt Loam 0.87
B 421.36 58.383 163.72 0.995 179.83 2.49 0.998 0.496 0.020 0.005 1.259 1.51 32.0 66.8 12 Silty Clay Loam 1.24
S 30.67 129.807 137.48 0.999 142.46 14.71 0.998 0.516 0.076 0.019 1.421 1.21 4.0 38.8 57.2 Sandy Loam 1.40
M 32.328 73.679 90.30 108.580 131.90 0.999 142.95 9.40 0.999 0.514 0.045 0.020 2.166 1.37 0.0 18.8 81.2 Loamy Sand 0.61
B 59.21 280.566 295.37 1.000 304.35 10.37 0.998 0.465 0.045 0.019 2.488 1.39 0.0 14.8 85.2 Fine Sand 0.48
CNe/os S 59.95 0.006 14.99 0.995 20.07 5.65 0.995 0.480 0.164 0.018 1.979 1.45 2.0 12.1 85.9 Loamy Sand 0.57
M 32.315 73.688 32.80 23.118 31.59 0.999 35.69 10.81 0.998 0.468 0.026 0.014 1.907 1.36 4.0 50.8 45.2 Silt Loam 0.35
B 50.60 51.488 64.14 0.999 71.57 15.45 0.997 0.477 0.119 0.025 2.155 1.47 2.0 46.8 51.2 Sandy Loam 0.25
S 18.68 3.564 8.23 0.972 11.86 643.47 0.928 0.499 0.020 0.027 1.199 1.41 6.0 66.8 27.2 Silt Loam 1.68
M 31.406 72.292 18.32 0.829 5.56 0.986 8.72 806.39 0.941 0.465 0.020 0.028 1.259 1.43 2.0 294 68.6 Sandy Loam 0.41
B 51.14 32.702 45.49 0.994 51.74 6.86 0.990 0.478 0.049 0.014 1.739 1.37 4.0 46.8 49.2 Sandy Loam 0.46
cnelor S 53.76 11.509 24.95 0.993 32.29 10.01 0.989 0.465 0.072 0.017 1.621 1.50 6.0 25.4 68.6 Sandy Loam 2.07
M 31.401 72.306 346.28 161.549 250.96 0.989 273.28 3.91 0.984 0.503 0.020 0.019 2.142 1.35 0.0 10.8 89.2 Fine Sand 0.23
B 368.76 87.679 179.87 0.993 210.65 4.05 0.986 0.518 0.028 0.017 2.961 1.28 0.0 8.1 91.9 Fine Sand 0.30
S 47.16 28.762 40.55 0.999 45.79 6.00 0.998 0.552 0.076 0.013 1.756 1.24 6.0 51.4 42.6 Silt Loam 3.68
M 31.141 72.132 157.17 136.068 176.65 0.985 189.28 4.27 0.981 0.460 0.023 0.023 1.473 1.30 2.0 20.8 77.2 Loamy Sand 0.57
B 131.36 35.263 68.10 0.978 81.57 4.80 0.965 0.416 0.020 0.017 1.550 1.36 2.0 20.8 77.2 Loamy Sand 0.55
CNBIo8 S 23.12 0.006 5.79 0.995 9.58 608.27 0.935 0.559 0.079 0.027 1.319 1.41 8.0 374 54.6 Sandy Loam 1.70
M 31.134 72.164 7.48 5.350 7.28 0.943 8.16 996.66 0.958 0.495 0.077 0.012 1.670 1.21 18.0 52.8 29.2 Silt Loam 0.93
B 0.00 8.869 8.87 0.887 8.87 360.39 0.887 0.481 0.111 0.021 1.278 1.46 22.0 38.1 39.9 Loam 0.72
S 52.10 2.500 15.52 0.993 24.35 491.66 0.973 0.489 0.020 0.012 1.413 1.40 9.4 56.0 34.6 Silt Loam 1.14
M 30.845 71.939 183.23 506.666 553.98 0.996 579.49 8.33 0.994 0.486 0.020 0.011 2.054 1.25 34 6.0 90.6 Fine Sand 0.25
B 238.40 365.444 425.04 0.995 460.71 9.47 0.991 0.451 0.020 0.025 1.676 1.32 1.4 33 95.2 Fine Sand 0.22
cnelos S 15.51 0.006 3.88 0.637 0.37 4.73 0.970 0.521 0.020 0.015 1.352 1.42 12.0 62.1 25.9 Silt Loam 1.80
M 30.830 71.960 15.81 8.954 13.04 0.969 14.46 4.78 0.959 0.522 0.020 0.008 1.486 1.45 6.0 72.8 21.2 Silt Loam 0.85
B 22.95 7.881 13.62 0.992 16.09 5.37 0.985 0.509 0.073 0.007 2.180 1.36 6.0 66.8 27.2 Silt Loam 0.54
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River Chenab

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
. 5 Site Location 4ahr s ) Avg. ) ) Organic
Site Code < S A Infil R Fc k R Os er a n Bulll< Clay Silt Sand Soil Class Matter
T Rate Density
Lat. Long. mm/hr/2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glcm?® % % % %

S 6.70 0.006 1.68 0.993 2.13 15.45 0.988 0.475 0.020 0.004 1.311 1.65 9.1 76.0 14.9 Silt Loam 1.67

R M 30.614 71.747 10.32 0.006 2.58 0.977 1.68 1.28 0.998 0.440 0.091 0.005 1.646 1.59 111 58.7 30.2 Silt Loam 1.28

B 11.12 1.416 4.20 0.979 5.89 11.57 0.946 0.487 0.020 0.044 | 1.062 1.39 211 68.0 10.9 Silt Loam 2.00

creno S 10.79 0.006 2.70 0.892 2.23 7.41 0.923 0.478 0.020 0.009 | 1.444 1.39 31 60.7 36.2 Silt Loam 0.81

L M 30.570 | 71.748 8.47 0.945 3.06 0.986 1.98 1.10 0.999 0.503 0.020 0.009 | 1.561 1.38 31 72.0 249 Silt Loam 0.82

B 8.13 0.006 2.04 0.996 3.05 13.78 0.983 0.442 0.020 0.016 | 1.311 1.32 51 66.7 28.2 Silt Loam 1.04

S 9.27 0.151 2.47 0.985 3.80 10.96 0.946 0.457 0.020 0.011 1.374 1.47 3.1 58.7 38.2 Silt Loam 1.55

R M 30.516 71.565 37.99 2.689 12.19 0.997 16.20 4.99 0.989 0.475 0.046 0.005 1.891 1.48 1.1 79.3 19.5 Silt Loam 0.81

B 11.21 0.006 2.81 0.987 3.09 11.75 0.976 0.504 0.052 0.008 2.065 1.38 1.0 72.1 26.9 Silt Loam 0.78

crefL S 42.05 0.006 10.52 0.993 13.55 7.67 0.995 0.444 0.061 0.009 1.999 1.35 1.0 64.3 34.7 Silt Loam 1.13

L M 30.518 | 71.601 90.87 10.122 32.84 0.997 42.58 5.40 0.987 0.485 0.020 0.010 | 1.614 1.28 12 63.0 35.8 Silt Loam 0.69

B 48.84 43.749 55.96 0.996 52.50 1.47 0.999 0.436 0.039 0.010 | 2.058 1.37 1.0 55.7 433 Silt Loam 0.74

S 18.28 2.401 6.97 0.924 9.33 33.38 0.976 0.433 0.055 0.013 | 1.413 1.50 51 56.0 389 Silt Loam 0.67

R M 30.292 | 71.371 2.14 9.074 9.61 0.996 9.85 199.37 0.997 0.495 0.102 0.006 | 2.311 1.42 11 72.7 26.2 Silt Loam 0.59

B 10.49 9.631 12.25 0.995 13.62 7.29 0.990 0.375 0.060 0.002 | 1.593 1.59 5.1 78.0 16.9 Silt Loam 0.95

crenz S 11.95 0.006 2.99 0.961 2.95 3.69 0.983 0.485 0.148 0.008 | 1.883 1.40 17.1 63.3 19.5 Silt Loam 1.08

L M 30.293 71.388 23.24 8.965 14.77 0.982 12.18 141 0.993 0.463 0.080 0.009 3.977 1.46 11 447 54.2 Sandy Loam 0.38

B 50.36 7.247 19.84 0.994 23.29 3.50 0.993 0.505 0.030 0.006 | 2.362 1.40 1.0 76.3 227 Silt Loam 0.25

S 51.18 0.006 12.80 0.995 18.32 17.87 0.988 0.444 0.043 0.026 | 1.315 131 8.6 46.0 45.4 Loam 1.16

R M 30.076 | 71.282 32.59 13.276 21.42 0.999 25.70 8.64 0.993 0.523 0.030 0.012 | 1.532 1.39 12.6 62.7 24.8 Silt Loam 0.65

B 19.51 11.728 16.61 0.997 19.54 13.91 0.991 0.579 0.020 0.013 | 1.470 1.30 6.6 66.0 27.4 Silt Loam 0.73

crens S 39.19 0.006 9.80 0.959 9.34 7.66 0.973 0.463 0.040 0.015 | 1.492 1.44 6.6 38.7 54.8 Sandy Loam 151

L M 30.072 71.296 17.02 5.424 9.68 0.984 12.13 16.27 0.985 0.512 0.158 0.011 4.826 1.53 22.6 68.0 9.4 Silt Loam 1.29

B 35.49 98.141 107.01 | 1.000 | 111.27 7.11 0.999 0.498 0.020 0.019 | 1.780 1.33 0.6 10.0 89.4 Sand 0.50

S 22.93 0.006 574 0.997 7.69 4.87 0.993 0.399 0.121 0.009 | 2.219 152 4.6 40.0 55.4 Sandy Loam 1.32

R M 29.841 71.171 9.40 9.083 11.43 0.994 12.82 17.41 0.993 0.521 0.020 0.007 1.553 1.49 2.6 70.7 26.8 Silt Loam 0.46

cnens B 20.40 181.309 | 186.41 | 0.998 | 190.64 20.32 0.998 0.434 0.085 0.018 | 3.078 1.54 6.6 66.0 27.4 Silt Loam 0.44

L S 29.838 | 71.179 18.59 1.356 6.00 0.991 6.81 2.68 0.995 0.459 0.020 0.013 | 1.327 1.55 2.6 70.0 27.4 Silt Loam 1.68
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River Chenab

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
. 5 Site Location 4ahr s ) Avg. ) ) Organic
Site Code < S A Infil R Fc k R Os er a n Bulll< Clay Silt Sand Soil Class Matter
T Rate Density
Lat. Long. mm/hr/2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glcm?® % % % %
M 112.70 73.456 101.63 0.994 116.72 14.74 0.999 0.479 0.083 0.018 2.681 1.32 0.6 48.7 50.8 Sandy Loam 0.37
B 11.57 1.377 4.27 0.977 5.60 6.41 0.952 0.549 0.024 0.029 1.409 1.37 2.6 55.3 42.1 Silt Loam 1.04
S 29.64 23.728 31.14 0.994 34.69 8.61 0.998 0.455 0.028 0.018 | 1.468 1.43 0.6 28.7 70.8 Loamy Sand 0.69
R M 29.671 | 71.125 39.89 9.802 19.77 0.995 22.59 3.05 0.999 0.486 0.026 0.012 | 1.603 1.45 2.6 50.0 47.4 Silt Loam 0.64
B 27.28 10.195 17.01 0.996 20.21 6.33 0.990 0.460 0.020 0.019 | 1.414 154 2.6 42.0 55.4 Sandy Loam 0.30
NS S 33.77 53.110 61.55 1.000 66.33 12.83 0.999 0.414 0.020 0.010 | 1.487 1.55 2.6 72.0 254 Silt Loam 1.23
L M 29.658 71.132 13.89 87.006 90.48 0.990 91.07 40.19 0.991 0.545 0.020 0.011 1.451 1.46 2.6 82.0 15.4 Silt 0.68
B 56.07 107.550 121.57 0.999 128.98 8.29 0.998 0.567 0.020 0.009 1.420 1.44 10.6 81.3 8.1 Silt 0.45
S 20.29 5.112 10.18 0.998 13.17 15.68 0.992 0.544 0.020 0.021 1.282 1.39 14.6 46.0 39.4 Loam 1.93
R M 29.350 71.016 16.62 21.058 25.21 0.993 27.28 6.19 0.989 0.446 0.020 0.011 1.519 1.41 12.6 58.0 29.4 Silt Loam 1.06
B 104.13 0.006 26.04 0.970 36.74 7.07 0.930 0.449 0.071 0.022 | 1.538 1.52 11 27.9 71.0 Loamy Sand 1.64
cNee S 6.97 8.218 9.96 0.998 10.96 11.21 0.995 0.433 0.120 0.011 | 1.974 1.45 8.6 22.0 69.4 Sandy Loam 1.38
L M 29.332 | 71.026 11.10 8.029 10.80 0.998 12.37 17.45 0.999 0.526 0.066 0.019 | 1.275 1.49 16.6 | 56.0 27.4 Silt Loam 0.87
B 12.29 15.254 18.33 0.997 18.47 2.39 0.999 0.484 0.062 0.030 | 1.162 1.56 30.6 | 49.3 20.1 Clay Loam 0.78
S 19.63 0.006 4.91 0.995 6.04 16.66 0.990 0.479 0.077 0.007 | 1.363 1.36 6.6 76.7 16.8 Silt Loam 1.48
R M 29.266 | 70.896 36.09 0.006 9.03 0.999 13.08 9.94 0.981 0.578 0.020 0.010 | 1.237 134 2.6 90.0 7.4 Silt 0.63
B 17.21 10.813 15.12 0.999 17.58 12.30 0.995 0.519 0.059 0.005 | 1.826 1.40 0.6 83.3 16.1 Silt 0.28
N S 79.45 69.169 89.03 0.999 96.45 4.39 0.998 0.455 0.087 0.015 | 2.313 153 0.6 347 64.8 Sandy Loam 0.53
L M 29.260 | 70.908 54.36 332.506 | 346.09 | 0.998 | 354.56 14.58 0.998 0.404 0.057 0.019 | 2.630 1.36 6.6 13 92.1 Sand 0.31
B 15.15 170.069 | 173.86 | 0.997 | 176.05 7.03 0.997 0.478 0.020 0.020 | 2.374 1.41 6.6 1.4 92.0 Sand 0.42
S 2411 0.006 6.03 0.993 8.57 9.22 0.980 0.466 0.020 0.011 | 1.290 1.32 8.9 64.7 26.5 Silt Loam 1.86
R M 31.931 | 73.168 15.90 4.525 8.50 0.999 10.33 6.54 0.996 0.499 0.020 0.012 | 1.307 1.45 4.9 83.3 11.8 Silt 0.75
B 0.75 7.599 7.79 0.984 7.76 30.30 0.985 0.524 0.020 0.011 | 1.360 1.48 12.9 66.0 211 Silt Loam 0.58
cnens S 5.58 60.009 61.40 0.999 62.12 60.13 0.999 0.469 0.021 0.030 | 1.369 151 29 22.0 75.1 Loamy Sand 1.82
L M 31.946 | 73.141 67.79 0.006 16.95 0.998 25.27 13.84 0.988 0.468 0.035 0.017 | 3.408 1.35 6.9 17.3 75.8 Sandy Loam 0.40
B 54.79 104.515 118.21 0.999 125.04 7.41 0.999 0.501 0.020 0.016 1.512 1.34 12.9 58.0 29.1 Silt Loam 0.76
S 19.89 0.006 4.98 0.991 6.18 6.77 0.982 0.459 0.020 0.014 | 1.267 1.36 209 | 44.0 35.1 Loam 191
CNB/19 R 31.064 | 72.108
M 8.88 0.124 2.34 0.994 3.01 3.36 0.995 0.442 0.020 0.009 | 1.256 1.46 249 | 553 19.8 Silt Loam 1.68
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River Chenab

Philips Comu. Infil.

Horton Comu. Infil.

van Genchuten Constants

Soil Texture, Bulk Density and Organic Matter

. 5 Site Location 4ahr s ) Avg. ) ) Organic
Site Code < S A Infil R Fc k R Os er a n Bulll< Clay Silt Sand Soil Class Matter
T Rate Density
Lat. Long. mm/hr/2 mm/hr mm/hr mm/hr cm¥cm® | cm¥cm?® glcm?® % % % %

B 9.55 0.006 2.39 0.978 2.57 6.23 0.980 0.501 0.020 0.008 1.292 1.53 28.9 55.3 15.8 Silty Clay Loam 1.16
S 14.26 0.006 3.57 0.963 3.26 8.73 0.973 0.430 0.020 0.012 1.279 1.31 24.9 52.0 23.1 Silt Loam 1.88
M 31.036 72.113 10.47 0.006 2.62 0.980 291 3.42 0.986 0.651 0.020 0.017 1.315 1.49 20.9 58.0 21.1 Silt Loam 1.89
B 15.46 0.887 4.75 0.997 6.58 6.93 0.987 0.494 0.020 0.012 1.271 1.50 28.9 53.3 17.8 Silt Clay Loam 0.87
S 4.28 0.006 1.08 0.836 0.54 11.01 0.967 0.399 0.022 0.018 1.300 1.52 18.2 42.7 39.1 Loam 1.78
M 32.612 74.266 0.86 0.006 0.22 0.616 0.05 11.11 0.896 0.428 0.020 0.010 1.181 1.77 34.2 46.7 19.1 Silty Clay Loam 1.43
B 4.36 0.006 1.10 0.855 0.71 10.63 0.892 0.390 0.115 0.011 1.191 1.67 36.2 53.4 10.5 Silty Clay Loam 0.97

CNer20 S 13.99 0.006 3.50 0.849 2.10 7.85 0.969 0.427 0.020 0.007 1.308 1.66 18.2 41.4 40.5 Loam 1.55
M 32.578 74.296 42.53 0.006 10.64 0.931 11.90 6.84 0.898 0.398 0.020 0.002 1.540 1.59 20.2 39.4 40.5 Loam 1.39
B 39.33 0.039 9.87 0.998 15.10 8.92 0.976 0.396 0.020 0.017 1.570 1.49 12.2 35.4 52.5 Sandy Loam 1.09
S 8.28 9.373 11.44 0.998 12.66 12.64 0.995 0.542 0.020 0.012 1.122 1.32 18.2 474 34.5 Loam 1.86
M 32.410 73.850 14.52 21.040 24.67 0.998 27.00 17.46 0.995 0.470 0.020 0.013 1.398 1.42 18.2 58.1 23.8 Silt Loam 1.57
B 14.68 21.731 25.40 0.999 27.51 10.85 0.997 0.486 0.052 0.010 1.414 1.43 22.2 554 225 Silt Loam 0.66

cnefzL S 17.36 0.006 4.35 0.982 4.60 3.46 0.996 0.448 0.043 0.008 1.516 1.48 12.2 64.1 23.8 Silt Loam 1.78
M 32.363 73.846 22.79 0.006 5.70 0.971 6.33 12.40 0.936 0.485 0.061 0.013 1.399 1.40 20.2 57.4 225 Silt Loam 1.17
B 0.00 304.108 304.11 0.995 304.11 1604.12 0.995 0.448 0.020 0.085 1.177 1.48 24.2 57.4 18.5 Silt Loam 0.72
S 13.05 3.462 6.72 0.995 8.57 16.23 0.997 0.517 0.020 0.008 1.430 1.31 32.9 49.3 17.8 Silty Clay Loam 1.72
M 32.247 73.464 22.66 0.006 5.67 0.995 7.86 10.95 0.992 0.435 0.020 0.028 1.404 1.44 14.9 33.9 51.2 Loam 1.46
B 29.34 6.808 14.14 0.998 17.28 5.50 0.992 0.418 0.027 0.018 1.677 1.43 6.9 20.6 72.5 Sandy Loam 0.88

cnelzz S 41.40 5.374 15.72 0.996 21.13 9.77 0.997 0.481 0.020 0.005 1.388 1.40 0.9 52.7 46.5 Silt Loam 1.98
M 32.219 73.468 75.61 41.083 59.98 0.998 70.48 11.35 0.995 0.464 0.020 0.017 1.740 1.28 4.9 37.3 57.8 Sandy Loam 1.51
B 10.90 5.792 8.52 0.995 10.05 9.57 0.986 0.507 0.020 0.007 1.464 1.43 29 313 65.8 Sandy Loam 0.99
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Annexure B-lll

River Ravi
Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
] c Site Location 4hr ) , Avg. i . Organic
Site Code s S A Infil R’ Fc k R ©s or ] n Bulk Clay Silt Sand Soil Class Matter
= Rate Density
Lat. Long. mm/hr/? mm/hr mm/hr mm/hr cm?/em? cm3/em?® g/cm® % % % %
S 61.66 6.042 21.46 0.997 25.26 2.90 0.998 0.472 0.064 0.010 1.531 1.27 0.9 52.7 46.5 Silt Loam 1.69
R M 31.723 74.471 66.73 30.537 47.22 0.996 52.66 3.63 0.999 0.442 0.020 0.017 1.395 1.51 4.9 373 57.8 Sandy Loam 1.66
B 0.001 40.066 40.07 0.992 39.62 22.32 0.992 0.394 0.020 0.020 1.458 1.54 2.9 313 65.8 Sandy Loam 0.81
RvioL S 58.92 14.159 28.89 0.998 35.25 5.43 0.994 0.473 0.034 0.009 1.756 1.41 2.9 52.0 45.1 Silt Loam 2.00
L M 31.717 74.469 9.18 48.657 50.95 0.996 51.77 28.16 0.997 0.484 0.027 0.009 1.869 1.38 2.9 52.0 45.1 Silt Loam 0.78
B 60.86 39.012 54.23 0.998 62.23 10.35 0.999 0.525 0.020 0.007 1.880 1.32 2.9 57.3 39.8 Silt Loam 0.90
S 20.65 3.537 8.70 0.992 11.61 17.35 0.998 0.474 0.035 0.007 1.422 1.42 6.9 72.0 211 Silt Loam 1.94
R M 31.657 74.331 12.63 14.793 17.95 0.996 19.63 7.75 0.992 0.460 0.020 0.005 1.344 1.59 4.9 48.7 46.5 Sandy Loam 0.98
B 15.82 15.101 19.06 0.995 21.05 12.09 0.997 0.553 0.020 0.008 1.553 141 6.9 83.3 9.8 Silt 0.89
Rvie2 S 2.55 139.216 139.85 0.997 138.68 43.27 0.997 0.472 0.020 0.011 1.438 141 2.9 67.3 29.8 Silt Loam 1.94
L M 31.641 74.351 44.68 0.006 11.18 0.996 15.15 7.44 0.987 0.460 0.020 0.011 1.509 1.44 4.9 44.0 51.1 Sandy Loam 1.27
B 45.93 33.628 45.11 0.994 51.02 12.28 0.998 0.560 0.020 0.009 1.534 134 4.9 76.7 18.5 Silt Loam 0.98
S 16.92 0.006 4.24 0.987 5.24 9.53 0.967 0.498 0.081 0.008 1.881 1.30 20.9 46.0 33.1 Loam 1.97
R M 31.225 73.858 12.52 0.006 3.14 0.984 3.54 331 0.988 0.477 0.020 0.012 1.333 1.26 28.9 52.0 19.1 Silty Clay Loam 1.05
B 22.96 3.934 9.68 0.997 12.01 5.04 0.990 0.479 0.020 0.011 1.366 1.26 24.9 51.3 23.8 Silt Loam 114
Vi3 S 25.13 3.965 10.25 0.992 12.35 4.10 0.988 0.399 0.091 0.008 1.740 1.40 8.9 48.0 43.1 Loam 2.01
L M 31.218 73.861 10.84 0.006 2.72 0.982 3.29 8.66 0.981 0.345 0.038 0.013 1.684 1.50 4.9 32,0 63.1 Sandy Loam 0.44
B 23.69 14.362 20.28 0.989 22.95 5.51 0.982 0.424 0.074 0.013 1.846 1.45 4.9 46.0 49.1 Sandy Loam 0.30
S 10.64 7.592 10.25 0.996 11.52 6.76 0.993 0.497 0.194 0.012 1.499 1.25 14.2 353 50.5 Loam 1.95
R M 31.147 73.548 93.80 58.426 81.88 0.998 92.68 6.03 0.994 0.483 0.071 0.027 1.346 1.52 16.2 51.3 325 Silt Loam 1.12
B 299.86 358.531 433.50 0.999 457.58 3.81 0.999 0.482 0.051 0.022 1.337 1.59 14.2 41.3 44.5 Loam 0.92
Rvios S 22.06 0.398 5.91 0.997 8.90 10.88 0.992 0.455 0.214 0.021 1.192 1.56 43.6 38.6 17.8 Clay 1.56
L M 31.113 73.502 94.72 6.011 29.69 0.999 41.73 8.41 0.995 0.428 0.020 0.023 1.074 1.64 43.6 39.9 16.5 Clay 1.27
B 574.47 101.033 244.65 0.997 270.67 2.47 0.999 0.477 0.020 0.005 1.168 1.50 37.6 53.9 8.5 Silty Clay Loam 1.03
S 25.69 70.931 77.35 0.994 80.22 20.87 0.996 0.438 0.062 0.010 1.978 132 129 293 57.8 Sandy Loam 0.44
R M 30.615 72.534 44.41 48.596 59.70 0.998 65.96 10.40 0.995 0.486 0.020 0.006 1.734 1.40 4.9 333 61.8 Sandy Loam 2.75
B 2234 0.006 5.59 0.991 7.56 6.23 0.975 0.457 0.020 0.005 2.165 141 4.9 16.0 79.1 Loamy Sand 0.19
Rv/o8 S 167.09 23.214 64.99 0.994 89.85 12.64 0.972 0.456 0.029 0.011 3.387 132 10.9 713 17.8 Silty Loam 0.24
L M 30.610 72.531 210.02 123.283 175.79 0.995 191.22 3.88 0.992 0.435 0.022 0.008 5.815 136 49 40.0 55.1 Sandy Loam 0.16
B 302.49 75.305 150.93 0.978 169.02 3.53 0.971 0.473 0.025 0.012 4.487 1.29 8.9 67.3 23.8 Silt Loam 0.13
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Annexure B-1V

River Sutlej
Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
s 5 Site Location 4hr Avg. Organic
ite Code E s A Infil R? Fc k R? Os or a n Bulk Clay silt Sand Soil Class Mgtter
Rate Density
Lat. Long. mm/hr'/2 mm/hr mm/hr mm/hr cm®/cm® | cm®/em? g/cm® % % % %

S 79.69 0.006 19.93 0.995 27.81 6.19 0.982 0.463 0.037 0.010 1.781 1.37 15.4 43.4 41.2 Loam 0.65
R Y 30.092 73.234 55.31 0.006 13.83 0.993 13.97 16.90 0.973 0.473 0.089 0.014 3.216 1.37 11.4 26.1 62.6 Sandy Loam 0.38
B 12.05 0.006 3.02 0.982 3.99 7.28 0.988 0.447 0.052 0.013 2.514 1.18 15.4 29.4 55.2 Sandy Loam 0.34
stz S 2431 0.006 6.08 0.955 4.67 2.32 0.989 0.381 0.020 0.017 1.292 1.46 17.4 42.7 39.9 Loam 0.59
L W 30.090 73.253 185.63 223.421 269.83 0.995 285.22 4.37 0.993 0.430 0.034 0.013 4.323 1.38 34 4.0 92.6 Sand 0.20
B 118.47 266.797 296.42 0.999 307.11 4.58 0.998 0.454 0.022 0.021 2.476 1.40 1.4 4.0 94.6 Sand 0.10
S 58.37 0.006 14.60 0.987 19.97 6.27 0.963 0.364 0.030 0.020 1.523 1.31 5.4 313 63.2 Sandy Loam 0.90
R W 29.970 72.867 75.89 12.100 31.07 0.988 26.06 1.42 0.999 0.430 0.020 0.012 1.446 1.43 9.4 50.7 39.9 Silt Loam 1.18
B 214.05 130.236 183.75 0.996 214.43 10.23 0.988 0.365 0.035 0.007 2.290 1.47 5.4 46.0 48.6 Sandy Loam 0.36
st/ S 29.57 0.006 7.40 0.929 5.51 5.37 0.979 0.404 0.023 0.014 1.631 1.40 7.4 36.7 55.9 Sandy Loam 0.78
L Y 29.979 72.887 17.07 1.755 6.02 0.998 8.31 9.61 0.985 0.492 0.020 0.006 1.470 1.41 15.4 78.7 5.9 Silt Loam 0.20
B 15.74 0.660 4.60 0.988 6.84 18.09 0.995 0.519 0.020 0.007 1.479 1.37 11.4 80.7 7.9 Silt 0.79
S 6.12 8.023 9.55 0.994 10.44 9.97 0.991 0.387 0.030 0.011 1.470 1.45 10.9 46.0 43.1 Loam 131
R M 29.886 72.701 41.62 4.990 15.40 0.996 19.59 5.12 0.986 0.452 0.075 0.012 2.792 136 8.9 54.0 371 Silt Loam 0.82
B 16.43 0.006 4.11 0.987 4.73 6.90 0.996 0.450 0.140 0.042 1314 1.44 189 48.0 331 Loam 0.55
suv/es S 38.54 0.041 9.68 0.999 14.73 9.21 0.989 0.401 0.020 0.002 1.369 1.66 20.9 70.0 9.1 Silt Loam 2.08
L M 29.886 72.706 25.89 2.024 8.49 0.996 12.29 14.77 0.983 0.472 0.081 0.008 4.251 1.44 10.9 59.3 29.8 Silt Loam 0.79
B 46.27 14.492 26.06 0.984 22.87 1.57 0.992 0.435 0.021 0.008 1.507 1.40 14.9 533 31.8 Silt Loam 0.46
S 33.10 16.370 24.64 0.999 28.25 5.81 0.999 0.380 0.051 0.015 1.795 1.35 4.9 327 62.5 Sandy Loam 2.27
R M 29.845 72.373 41.77 0.006 10.45 0.995 13.92 11.01 0.979 0.417 0.033 0.008 1.523 1.34 8.9 70.0 211 Silt Loam 1.74
B 54.91 0.006 13.73 0.997 18.56 8.43 0.987 0.468 0.036 0.005 1.781 1.22 10.9 76.0 13.1 Silt Loam 0.88
oS S 86.20 24.134 45.68 0.997 57.54 10.08 0.990 0.418 0.053 0.008 5.818 121 121 375 50.5 Loam 0.94
L M 29.845 72.369 19.68 10.122 15.04 0.998 17.70 9.04 0.994 0.428 0.020 0.008 1.581 139 20.1 61.5 18.5 Silt Loam 1.22
B 494.99 0.006 123.75 0.890 64.50 2.96 0.983 0.421 0.039 0.023 3.104 1.27 8.1 2.1 89.8 Sand 0.16
S 161.54 50.234 90.62 0.998 98.53 2.60 0.999 0.441 0.020 0.014 1.375 1.53 10.9 48.0 41.1 Loam 0.61

SUT/06 R 29.658 72.169
M 161.54 50.234 90.62 0.998 98.53 2.60 0.999 0.485 0.039 0.010 1.980 131 0.9 17.3 81.8 Loamy Sand 0.39
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River Sutlej

Philips Comu. Infil. Horton Comu. Infil. van Genchuten Constants Soil Texture, Bulk Density and Organic Matter
o c Site Location 4hr Avg. Organic
ite Code s s A Infil R? Fc k R? Os er a n Bulk Clay silt Sand Soil Class 8:
h Rate Density Matter
Lat. Long. mm/hr'/2 mm/hr mm/hr mm/hr cm®/em® | cm®/em? g/cm® % % % %

B 133.38 41.261 74.61 0.998 82.48 2.95 0.998 0.472 0.020 0.006 2.154 1.33 0.9 16.7 82.5 Loamy Sand 0.36
S 82.31 7.145 27.72 0.996 33.60 3.40 0.997 0.484 0.049 0.004 2.114 1.39 6.9 58.0 35.1 Silt Loam 0.68
M 29.658 72172 64.71 14.040 30.22 0.999 36.81 4.83 0.998 0.499 0.020 0.010 1.361 1.34 14.9 66.0 19.1 Silt Loam 1.19
B 79.20 8.705 28.50 0.998 35.17 3.76 0.996 0.473 0.032 0.006 1.745 1.41 0.9 54.0 45.1 Silt Loam 0.67
S 42.33 0.006 10.59 0.990 13.66 8.15 0.972 0.490 0.034 0.007 2.201 1.34 2.9 54.0 43.1 Silt Loam 0.97
Y 29.457 71.867 132.72 51.571 84.75 0.995 98.64 4.89 0.991 0.487 0.032 0.012 1.850 1.38 0.9 6.0 93.1 Sand 0.99
B 46.10 6.470 17.99 0.996 23.45 6.69 0.991 0.483 0.020 0.015 1.556 1.27 0.9 113 87.8 Sand 0.99

SUT/07
S 48.22 9.326 21.38 0.996 26.33 4.55 0.998 0.490 0.034 0.007 2.201 1.34 2.9 54.0 43.1 Silt Loam 0.70
W 29.455 71.864 226.78 178.543 235.24 0.996 264.26 8.32 0.995 0.487 0.032 0.012 1.850 1.38 0.9 6.0 93.1 Sand 0.23
B 355.43 0.006 88.86 0.992 122.21 5.11 0.982 0.483 0.020 0.015 1.556 1.27 0.9 11.3 87.8 Sand 0.28
S 83.61 83.023 103.92 0.995 104.46 2.45 0.997 0.342 0.186 0.065 1.404 1.45 22.6 49.3 28.0 Loam 0.47
Y 29.446 71.653 93.41 105.415 128.77 0.999 136.50 3.68 0.999 0.360 0.174 0.030 1.536 1.60 30.6 47.3 22.0 Clay Loam 0.29
B 180.43 96.476 141.58 0.997 146.80 2.40 0.999 0.367 0.154 0.040 1.347 1.62 32.6 347 32.7 Clay Loam 0.26

sutlos S 127.18 47.794 79.59 0.995 104.46 2.45 0.992 0.342 0.186 0.065 1.404 1.45 22.6 49.3 28.0 Loam 0.77
M 29.444 71.653 158.49 35.468 75.09 0.998 86.29 3.34 0.998 0.360 0.174 0.030 1.536 1.60 30.6 47.3 22.0 Clay Loam 0.53
B 118.07 38.678 68.20 0.997 91.45 1479.30 0.970 0.367 0.154 0.040 1.347 1.62 32,6 34.7 327 Clay Loam 0.27
S 320.06 96.707 176.72 0.994 203.51 4.16 0.989 0.486 0.020 0.014 1.505 1.63 2.9 34.0 63.1 Sandy Loam 0.77
M 29.396 71.195 348.67 62.221 149.39 0.993 174.63 3.77 0.988 0.446 0.020 0.016 1.867 1.24 0.9 2.0 97.1 Sand 0.53
B 202.86 41.691 92.41 0.998 109.18 3.83 0.996 0.443 0.020 0.017 1.845 1.27 0.9 11.3 87.8 Sand 0.27

SUT/09
S 10.51 0.006 2.63 0.993 3.92 7.82 0.998 0.513 0.020 0.006 1.657 131 4.9 76.0 19.1 Silt Loam 0.91
M 29.393 71.192 38.98 0.006 9.75 0.998 13.91 5.22 0.996 0.444 0.031 0.006 2.180 1.37 0.9 66.0 331 Loam 0.39
B 39.06 0.006 9.77 0.998 14.08 5.77 0.995 0.459 0.020 0.004 1.348 1.47 20.9 62.0 17.1 Silt Loam 0.90
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