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Executive Summary
Introduction

This projectConsultancy Services for preparing feasibility and detailed project report for flood
mitigation and comprehensive river management measures for Jhelum, sasime element of the
overal Jhelum and Tawi Flood Recovergject TFRP).

BPTISAServiciosde Ingenieria S(Eptisajhas been commissioned to undertake this Study on behalf
of JTFRP. This report is thask 1 Reporfor these Consultancy Services, and it comprises the work
undertaken during the Inception Phase and Tasls berthe TOR for Part A.

The Jhelum River Valley suffered record flooding in September 2014 as a result of abnormally high and
widespread rainfall particularly in the southern part of the catchment. The fdbadeoss the southern
catchment in the first week of September averaged 433mm (Romshoo et al 2018). This resulted in
widespread flooding along the Jhelum River from the confluence of the southern tributaries near
Sangam, through Srinagar City, and doweest to Baramulla. The peak flow in the Jhelum River at
Sangam was estimated by the Irrigation and Flood Control Department (IFCK) to be 3/260 m
(1,15,000 cusecs). The area flooded was approximately 850knsrinagar, the floodwaters were up

to about 1.5m above the river embankments and large parts of the city were inundated at depths of
dzLJ 42 cY® {2YS IINBlFra 2F GKS OAGe& 6SNB Ff22RSR
homes and livelihoods, there was a great deal of damage toiguiftastructure including roads,
bridges and hospitals.

Many factors have influenced flooding in the Jhelum River valley including increasing encroachment
by urbanisation and the reduction of the natural flood storage provided by Wular Lake and ot&r lak
and wetlands due to sedimentation. There is over 100 years of flood mitigation history in Srinagar
with the Flood Spill Channel constructed about 1903 being the first major flood mitigation
infrastructure. There are a number of existing and propodeddf mitigation measures which
together with the lakes, wetlands and natural floodplain storage present a complex problem for the
mitigation of future floods.

This study is undertaken against the background of the recent flooding and recent and ongoing
impacts of development as briefly outlined above.

Study Area

For hydrologic modelling purposes and for consideration of catchment management, the study area
comprises the whole of the Jhelum River Catchment to the JRdidstan border. For the
hydrodynamicmodel, the study area comprises the Jhelum River valley and its floodplain from
Khanabal Bridge to Salamabad Bridge.

Objectives of the Study

The overarching objective of the study isr&storecritical infrastructure, damaged primarily by 2014
floods, wit upgraded resilient features including contingency planning for future disaster events.

This requires detailed flood inundation modelling in order to better understand the flooding processes
occurring in the floodplain, and the interactions between itrious components and also to
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investigate the effectiveness of a range of flood mitigation measures already under consideration and
to identify and evaluate of potential measures such as tributary flood storage.

The various measures will be considered bimitividually and in various combinations to produce a
resilient flood management plan, which will also include #stmictural measures such as town
planning/land use controls and catchment management to reduce sediment inflows into the river
system.

The frst stage of the StudyP@art A comprises the data collection, flood modelling, and concept design
components leading to a feasibility study of options from which selected components wakdre up

for inclusion in the proposed Flood Management Plarhis plan will be a blueprint for flood
management and mitigation in the Jhelum River catchment for several decades.

Once the elements of the Flood Management Plan have been finalised, the second stage of the Study
(Part B will comprise the development af Detailed Project Report for the planned works including
detailed design drawings and tender documents.

Project Timing

Both Part Aand Part Bof the study are of 12 months duration, and with a starting datesajuly
2018, the completion dates ag0" June2019 forPart Aand 30" June2020 forPart B The timing
for the completion ofPart Bis provisionatonsideringho delay between the completion &fart A
and the commencement d?art B

Report Structure
This report is structured into 2 Volumes, naiy

1 Volume 1 Main Report: and
1 Volume 2 Preliminary Morphology Mapping (1:25,000) scale.

Inception Phase
a) Mobilisation

The Contract between the Jhelum and Tawi Flood Recovery Project (JTFRP) and Eptisa was signed on
2"d July 2018 and several members of Bikeidy Team were mobilised to Srinagar for the project
G1RAFE YSSUGAYIS Jduly @RS, bylwhich KngefthR préegt office had been
established in accommodation provided by the Client in Hotel Ranchi.

b) Site Inspections

Three oneday siteinspections were organised for members of the Study Team by the Irrigation and
Flood Control Department (IFCK) during the Inception periofl JLi§/¢ 15" August). These took

place in the southern, central and northern parts of the Jhelum River ma&arstrespectively.

These were very useful in familiarisation of the Stlidgm to the Jhelum River, Flood Spill Channel,
Outfall Channel, Wular Lake, and Anchar Lake.
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c) Data Collection

During the Inception phase IFCK was the primary source of primarglbgit and spatial data, and
reports on flood management. Data collection from IMD was also initiated and is ongoing.
Secondary spatial data were obtained from a variety of public domain sources together with various
other data and reports. The collesti of social and environmental data also commenced and is
ongoing. More detail on the data collected is given in the body of the report.

d) Project Risks

The perceived risks and challenges to the timely completion of the project are listed neport
together with their level of risk, and proposed risk mitigation. These reiatdver crosssection,
bathymetric and floodplain surveys be undertaken in Task Belaysin these surveysvill result in
delayto the flood modelling and feasibility study task particular.

Action has been taken to commence the field surveys earlier than originally planned which helps to
address the potential delays but is also a practical move in order to complete these surveys before
winter.

We¢ Cwt Q& | & & A & énly yeceSsank ofear&heekigilRghedtlk assist in minimising these risks.
e) Project Challenges

The principal challenge for this project is to develop a flood risk management plan for the Jhelum
River that can deal with a flow at Sangam equivalent to that lwbacurred in September 2014,

taking account of the fact that the current river capacity is only about 50% of that flow. The
combination of the existing flood management works which have developed over the last 100 years,
the ongoing sediment inputs ande largely uncontrolled development in the floodplain particularly

at Srinagar, have led to a very complex flood management situation.

The development of a sustainable plan will require a combination of structural angtnactural
measures which are themplemented and enforced.

This is expanded upon in the body of the repuaitiich lists a number of possible consideratiams
addition to those included in the current Interim Schemeluding:

Structural Meastes the provision of flood control storage the southern tributaries; controlled
floodplain storage upstream of Srinagar, the construction of a second flood diversion channel from
Dogripora to Wular Lake, detention basins, pari@ersion from the Jhelum River at Gagazu into
Anchar Lake returng to the Jhelum River at Shadipora; dredging of Wular Lake to restore its
capacity; flood control and sediment control storage on Pohru Nullah.

Nonstructural measuredDevelopment and enforcement of planning controls to exclude or severely
restrict devebpment in flood prone areas; specifying minimum floor heights of buildings with open
structure below floor level; last resort demolition of the worst affected buildimggrovement of

flood forecasting and warning systeimprovement inthe disseminatiorof flood warnings to the
public; ncrease community awareness of flood issues and émgbieaningful interpretation of

flood warningsgontrol of the ongoing sand mining of the Jhelum main channel by licencing in
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permitted areasand catchment managemenmeasures; principally reforestation to reduce the
sediment load from the upper catchment over time.

Climate change impacts are also an important challenge, which weetéken into account in the
hydrologic modelling on the basis of the researchis field, particularly that in respect of the
Himalayan RegionOne important practical aspect of the adaptation to climate change, is that

works planned now be designed to be robust and resilient to the possible changes considered likely
to take placedy the end of the current century. To ensure resilience in this area, designs should go
beyond the perceived change to consider the performance of the works in the case of a more
extreme event, and that the works will survive without major damage in sactvant.

Task 1Review Flood and River Management Options
a) Observations on September 2014 Flood

This section of the report considers both physical and social aspects of the devastating September
2014 flood.

The Jhelum River flood of September 2014 was tghdst at and upstream of Srinagar since records
began in 1955 with a peak flow at Sangam of some 3,260¢h,15,000 cusecs), which is about
double the channel capacity at that point and almost double the previous maximum recthoged

of 1,850n%/s (65,0® cusecs) in October 1992.

Ray et al (2015) opine that the rainstomich caused the floodingasthe result oflarge scale
disturbed atmospheric conditions as a consequence of the interaction between the westward
moving monsoon low and the eastward mayideep trough in the mitatitude westerlies, causing
extremely heavy rainfall over districts in the southwestern region of J&K.

An analysis was undertaken of river flows from along the Jhelum River and the major tributaries in
the 2014 event compared totler floods, and the results are shownTable ES1.

Table EStlearly shows the following:

1 There was a very significant inflow from the major southern tributaries Lidder Nallah and
Vishow Nallah in particular, which accounted for most of the differenpe#@k flow at
Sangam and that upstream at Khanabtiis is consistent with the rainfall distribution;

9 This high flow from the south of the catchment resulted in the flow in the Jhelum River
between Sangam and Srinagar being the highest recorded ath® & gauging stations in
this reach;

1 The flows in the major southern tributaries, Sandran, Bringi, Vishow and Lidder all had
record floods in this event;

1 The rapid reduction in peak flow downstream of Sangam, from 3,280(h,15,000 cusecs)
at Sangam, td,700m3/s (60,100 cusecs) at Awantipora is consistent with the major
overflows into the floodplain in this reach;

1 This assumes that the peaks are coincident but as these are mean daily flows this is reasanabysis of the timing of
the peals based on hourly flows will be undertaken in Task 2, as will checking of flow data generally

Vi
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1 The difference in flows between those recorded at Munshi Bagh and Padshahi Bagh gives a
measure of the flow into the Flood Spill Channel, Whan this basis was only 244is
(8,600 cusecs) confirming the reduction in capacity of the FSC by about 50% from its original
500m/s (17,500 cusec’)

1 Downstream of Srinagar and upstream of Wular Lake, the 2014 flood is no longer the flood
of record:

o atShadipora it is the"ranked flood being marginally lower than that in 1992; and
o0 at Asham it slips to the"dranked flood being lower than floods in 1996, 1995 and 1992;

1 Although the capacity of Wular Lake has reduced significantly over the yeditshasa
major peak attenuation effect, with the peak flow reducing from 1384n47,000 cusecs)
at Asham to 984m3/s (32,500 cusecs) at Sopore;

1 The peak flow attenuation of Anchar Lake is considerably less, not only due to the relative
sizes of the twavaterbodies but because at Anchar Lake only part of the flow of the Sindh
Nallah passes through the waterbody, the rest flowing directly to the Jhelum &ivehe
2014 flood the peak flows upstream and downstream of Anchar Lake were*&(rh,000
cusecs) and 253rifs (8,900 cusecs) respectively; and

1 Downstream of Wular Lake, the 2014 floslghs further down the flood ranking being:

o The @' highest flood at Sopore; and
0 The 12" highest flood at Baramulla.;

1 The latter indicates the importance of floodsthe Pohru Nallah, which is the largest of the
tributary catchments to flooding in the Jhelum River downstream of Wular Lake i.e. along
the Outfall Channel (OFC).

All of the above observations indicate that the worst of the flooding was upstream of anddr
Srinagar resulting from the extreme rainfalls in the upper catchment. These flows are
unprecedented, at least within the 62 year period of record, with the flow at Sangam being twice the
channel capacity.

It is clear that meaningful mitigation algrthe Sangam to Srinagar reach requires flood control
storage either within the upper tributaries or by controlled flooding of the floodplain. Hence, this
will be one of the focuses of the flood mitigation component of the study.

2 As this estimate is a relatively small difference between 2 larger numbers, any errors in the latter would be accentuated
in the difference, so this estimate mdoe of low accuracy.

Vii
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TableESISelected Flow8tatistics regarding 2014 Flood

Peak Flood of Rank
River Location Reach flow 2014{ record Year 2014
m®/s m/s flood
Kandabal RD —-1.5km | UPStream of Lidder, Visha o, , 944 2014 1
& Rembriana Nallahs
Sangam RD 17.1km 3263 3263 2014 1
Awantipora RD 32.33 km Sangam - Srinagar 1703 1844 1992 2
Pampore RD 52.20 km 1796 1796 2014 1
Jhelum [ Padshahi Bagh 66.93 knj 2299 2299 2014 1
Munshi Bagh 71.70 km Downstream of FSC 2055 2055 2014 1
Shadipora 96.98 km . 1321 1385 1992 2
Srinagar - Wular Lake
Asham 106.10km 1384 1494 1996 4
Sopore 150.20 km Downstream of Wular Lal 921 1112 1996 6
Baramulla 167.00km 984 1525 1987 12
Lidder Akura 744 744 2014 1
Lidder Kirkadal 108 164 1975 2
Vishow Arwani 866 866 2014 1
Rambiari |Wachi-Nayina 280 356 1976 3
Romshi Pahoo 110 121 1975 2
Sindh Dodoaharma 311 434 1995 3
Sindh Narayan Bagh 253 546 1995 3
Bringi Dantar 506 506 2014 1
Sandran |[Vwrinag 126 126 2014 1
Pohru Seuloo 239 808 1965 12

In respect of social impactSphere Indipreparedthe Joint Rapid Needs Assessm@iRNA).During

the assessment survey team has covered 108 villages from the worst affected districts of Jammu and
Kashmir.Out of 108villages assessed by the team, water level was more than 3 feet in 62 villages and
had entered into the houses in 87 villagedieTteam reported that 86% of the wardsgere affected

and there wasmajor damage to shelter, water and sanitation facilities,péagriculture land and
education. However, the information related to existing situation before flood impact is yet to be
collected to assess the status of impadturther detail regarding these impacts is given in the body

of the report.

b) Historic Develpment of Flood Management in the Jhelum Valley

The flood history of the Kashmir Valley goes back millennia and several rulers have undertaken flood
control programs ovemanycenturies.

The first major flood control works of recent times was the constouncof the Flood Spill Channel
(FSC) in 1903, following the major flood of 1893. The FSC was designed to carry abéist 500m
(17,500 cusecsput its current capacity is only about 50% of the original due to sedimentation and
construction of low level cssings.

Since that time a number of reports have been prepared including Purves (1915), Dass (1928), Harris
(c1930), Uppal (1955), CWRLI953) and the J&K Government @8). The report summarises the
recommendations of these reports but notes that nondled major recommendations have been
implemented.

c) Currently Proposed Flood Control Measuré®e Interim Scheme

Following the 2014 flood, the IFCK has developed an Interim Scheme to be implemented pending
the outcomes from the current study, #ihenablesthe Jhelum River to convey 1,708 (60,000

viii
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cusecs) at Sangam through the system without significant flooding. A Detailed Project Report (DPR)
is currently being developed for the Interim Scheme.

The interim scheme is, therefore, a starting point for tomsiderations of the current consultancy,
and it is assumed that construction of the proposed measures will be implemented.

The interim scheme essentially comprises the following main components:

1 Extending the channel of the Flood Spill Channel (FSaligihthe Hokesar Lake effectively
increasing the conveyance though the lakeub options vary the width of this channel
between 30m and 80m; and

1 Increasing the width of the Outfall Channel (OFC) from Sopore Bridge (RD 150.25km) to RD
173.2km by an additimal 40m along the thalweg line.

d) Review Flood Management Issues and Opportunities

As was introduced under the headingRrbject Challengda outlining work undertaken in the
Inception Phase, the principal challenge for this project is to develop affllothanagement plan

for the Jhelum River that can deal with a flow at Sangam equivalent to that which occurred in
September 2014, taking account of the fact that the current river capacity is only about 50% of that
flow, and that existing flood managemenbrks which have developed over the last 100 years, and
the ongoing sediment inputs together with largely uncontrolled development in the floodplain, have
led to a very complex flood management situation.

Upstream of Wular Lake, and particularly upstreainand through Srinagar, the lack of channel
capacity is the main issue. Whilst it would be possible to construct a further diversion channel
starting near Dogripora and continuing to Wular Lake, this channel would be some 80km in length
and would be vergxpensive.

An alternative strategy would be to reduce peak flows in the river by the introduction of flood
control storage in the southern tributaries. If sufficient flood control storage sites can be found and
construction at those sites is feasiblerity be possible to reduce the peak flows to a sufficient
extent that they are within the capacity of the Jhelum River. In the event that there are insufficient
suitable sites, due to the steep gradients of the tributaries, a larger number of relatimely s

storages in cascade may be appropriate.

This alternative would also be very costly, but also has the benefit that the storages could be
designed to trap sediment, in a way in which their capacity could be relatively easily maintained by
the regularexcavation of trapped sediment. Every effort will be made during the feasibility study
phase to identify and evaluate potential flood storage sites.

Off-channel floodplain storage along the Sanga®ogripora reach will also be considered and its
comparatve advantages/ disadvantages compared to upstream tributary storage will be evaluated.
The economics of such storage will be compared with that of the Dogripora to Wular Lake channel.

The possibility of storage on the tributaries which flow directly thtw FSC should also be
considered but it is likely that these will be few opportunities for this. Enhancing the use of Dal Lake

iX
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for flood storage will be considered although this is unlikely to be major contributor to flood
management.

The potential of he detention basins recommended BYWPR&018)will also be considered,
although it is noted that unapproved developments in these areas has reduced their availability for
this purpose.Land acquisition issues will need to be addressed as part of thiigation.

The possible construction of a new, considerably shorter outfall channel from the FSC to Wular Lake
will also be investigated.

Enhancing the flood control role of Anchar Lake will also be investigated: this could involve diverting
a larger propation of flow from the Sindh Nallah into Anchar Lake; and revisiting the suggestion
(from Purves 1915) of a partidiversion from the Jhelum River at Gagazu into Anchar Lake returning
to the Jhelum River at Shadipora.

It is apparent from aerial photogrég that the volume of Wular Lake has reduced substantially over
time as a result of sediment inflow. The bathymetric survey to be undertaken during the study will
establish its current volume, and the utility of increasing this volume by large scaldriyedt be
evaluated with the hydrodynamic model. Dredging of Wular Lake may invoke an issue with the
Indus Water Treaty regarding Jhelum River storage: the safe approach would be to limit the dredged
capacity to that existing at the time the Treaty waessed (1960).

Currently the outlet from Wular Lake is constrained by a coffer dam which was constructed as part
of a proposal to provide conservation storage within Wular Lake up to a certain level. However, as
this would further reduce its flood mitigan capacity, this project has been on hold pending the
outcome of the current study. It is also possible that the capacity of Wular Lake could be increased
by bunding but increasing the maximum flood level would worsen any backwater effects, so this
needs to be studied using the model, together with increasing the outlet capacity. Again, this would
need to be limited by the bounds of the Indus Water Treaty.

Downstream of Wular Lake to Salamabad, the Jhelum River is known as the Outfall Channel (OFC).
Whilst this channel has a higher gradient than that above Wular Lake, the capacity is still restricted,
and the Interim Scheme included provision for a 40m widening of the OFC from the outlet from
Wular Lake (RD 168.11km) to the Lower Jhelum hydropowerdpafRD 173.5km). The potential

for further work on this reach may be limited but will be investigated.

Within this reach, the Pohru Nallah enters the Jhelum on its right bank. The Pohru Nallah with a
catchment area of some 1850Kris the largest tributay of the Jhelum River within Kashmir and it
produces a high sediment flow. Pohru River sediment, which is readily identified as it contains many
seashells, extends along the Jhelum both upstream and downstream of the conflueneékior. 3

each successivitood brings more sediment which forms a constriction in the river channel.

Consideration will be given to the construction of flood control storage within the Pohru Nallah
which would also act as a sediment trap preventing much of its sediment loadmgable Outfall
Channel. This is, of course, dependant on being able to locate a suitable site or sites. This will
certainly be investigated.
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There are also a number nbn-structural measures which need to be addressedluding:

1 Development and enfeement of planning controls to exclude or severely restrict
development in flood prone areas;

1 Where development in floodplain areas is allowed, to specify minimum floor heights of
buildings and where this is substantially above ground to require théihgito be
constructed on piles with no walls within the flood prone area to minimise the impact on
floodplain flow;

9 Acquisition and demolition of the worst affected buildings with adequate and appropriate
compensation to ownerg following demolition these areas should be preserved as open
space such as parks;

1 Improvement of flood forecasting and warning system by the installation of a SCADA based
system;

1 Upgrading of the provision of flood warning system to improve the dissemination of
warnings to the pblic (possibly by SMS) and of interpretation of flood warnings (possibly by
flood markers in streets);

1 Use of floodplain mapping, to be developed by the study, to increase community awareness
of flood issues and to enable meaningful interpretation of fleatnings;

1 Control of the ongoing sand mining of the Jhelum main channel by a myriad ofoehtkst
the sand mining is of benefit overall, there will be areas which are-draztged which risks
undermining of river banks and bridge piersontrol by Icencing, identification of areas in
which sand mining is not permitted and enforcement could be undertaken either by IFCK or
by a separate agency established for this purpose.; and

1 Catchment management measuregrincipally reforestation to reduce the sixdent load
from the upper catchment over time

e) Selection of Mathematical Models

We propose that the following mathematical models be used for the hydrologic and hydrodynamic
modelling:

1 Hydrologic modet HEGHMS (current version 4.2.1); and
1 Hydrodynamic madel¢ HEGRAS (current version 5.0.5).

These are both licenekee, public domain models developed by the Hydrologic Engineering Center
(HEC) of the US Army Corps of Engineers. The models are well respected and have both been widely
used successfully azss a wide range of environments. The relevant members of the Study Team

have used these models and are fully familiar with their use.

Further detail on these models is given in the body of the report.
f) Compliance with Indus Water Treaty

The Indus Water €aty (MEA 1960) as it effects development within the Jhelum River catchment
has bene briefly reviewed. In summary terms, in relation to the Jhelum River, the Indus water Treaty
contains the following provisions:

Xi
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Water used for flood control is regardedlas G-p2 Yy & dzY LJG A @S¢ dzaS LINR OA RA
returned to the same river or its tributaries undiminished in volume;

Annexure €Agricultural Use by India from the Western Rivers restricts conservation storage

in the Jhelum River system to 0.2 MAF (247AYim

Annexure E India may construct on the Jhelum Main such works as it may consider

necessary for flood control of the Jhelum Main provided that:

0 Any storage which may be affected by such works shall be confinedthaxfihel
storage in side valleys, dagssions or lakes and will not involve any storage in the
Jhelum Main itself;

0 Except for the part held in lakes, borrepits or natural depressions, the stored
waters shall be released as quickly as possible after the flood recedes and returned
to the Jhéum Main lower;

Annexure E The design of any storage work shall conform to the following:

1 With respect to the flood storage provision above, the design of the works on the
Jhelum Main shall be such that no water can spill from the Jhelum Main intofthe of
channel storage except when the water level in the Jhelum Main rises above the low
flood stage.

The main points relevant to any recommendations to be made by this Study are:

T

Any additional flood storage shall not be on the Jhelum Main Stream which éscltifdlar
Lake;

Any proposal for dredging of Wular Lake, or building of embankments to increase
conservation storage could be in contravention of the Treatystoration to its capacity as
of the date of the Treaty would be expected to be acceptable;

Additional storage for flood control only does not contribute to the allowable conservation
storage for agricultural use of 0.2 MAF (247Rinbut any conservation storage component
included in a multpurpose project would be included;

It is not clear if the strage within Wular Lake, Anchar Lake, Dal Lake, Mansbal Lake and
Nowgham Zeel are considered to be conservation storage for agricultural use under these
provisions if this were so their volumes would contribute to the allowable 0.2 MAF
(247Mm);

Offtakesfor off-channel storage on the Jhelum main stream should be almwélood stage
which needs to be defined at any prospective offtake location.

g) Catchment Management

The REFORM project of the European Union has developed a framework for river restoratio
projects designed to improve their success and sustainability. This includes the development of
procedures to monitor the biological response of changes in geomorphology and in restoration
interventions to provide sustainable, ecologically effective agament within the soci@conomic

setting.

Xii
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There are river restoration centres or agencies in EU, USA, UK, Australia, Russia and a number of
other countries and a number of publications regarding this topic, including the UNESCO report
(Speed et al 2016)Little work appears to have been done in India in this regard, although there is a
realisation that such work needs to be done.

In the context of the Jhelum River, this relates principally to catchment management initiatives to
reduce sediment generatipand transport into the Jhelum. This issue will be addiekasare fully

in Task 4. Itis anticipated that this will relate principally to reforestation but may also include
recommending changes to farming practices.

Preliminary Hydrology Report
a) Study Aea

From a hydrology perspective, the study area comprises the whole of the Jhelum River catchment
downstream to the InigPakistan border. The Khadanyar gorge divides the catchment into two
areas: the upper segment which is the subject of the current stddyins the whole of the Kashmir
Valley and comprises a catchment area of some 12,750km

The Jhelum River catchment is bounded by high mountains all around: The Great Himalayas on the
east, rising to 5,300m; and the Pir ParRange on the west rising 5,000m. Erosion from these
catchments has resulted in the formation of a very flat valley floor &atiyy deposition of the

eroded material, such that the Jhelum River has an average grade of only 1 in 10,000. Hence, there
is a major contrast between ¢hupper catchments and the Jhelum River Valley which is at an
elevation ranging from about 1,400m to 1,650m.

There are a number of glaciers and glacial lakes at the higher altitudes and forests are dominant
between about 1,650m and 3,500m. Due to the feddient of the valley floor, there are a number

of lakes and wetlands the largest of which Wular Lake provides significant attenuation of flood flows.
Wular Lake, Anchar Lake and other wetlands are major refuges for migrating water birds, (some of
whichare RAMSAR sites).

The Kashmir Valley which contains the Kashmiri capital Srinagar as well as a number of other towns
and villages, is the economic heart of Kashmir. Srinagar is an ancient city built on the banks of the
Jhelum River and whilst the oldycis on higher ground, much of the modern city is within the

Jhelum River Floodplain. The natural river banks have been raised at various times and are now of
such a height that if overtopped, or breached, during flood extensive flooding occurs.

Precipitition generally increases with altitude and depending on the season, may fall as snow on the
upper slopes. Whilst the catchment is sufficiently far north to miss most of the rainfall from the
southwest monsoon, this does sometimes cause high rainfalisrréigion. The other major

weather system is the westerly disturbance, a daititude system which can bring rain systems

from the west. The 2014 flood was the result of an unusual combination of both systems (Ray et al
2015).

Figure10 ESishowsthe catchment boundary and that of the major sahtchments.
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climates have a warm and wet flow from the tropics thegates warm and moist conditions in the

summer months.The bulk of the precipitation occurs in winter and spring, when precipitation may

fall as snow on the higher ground. There is a secondary, but smaller rainfall peak in late summer
associated with thsouthwest monsoon.
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FigureES1 Jhelum River Catchment showing Major 8atthments

b) Precipitation Data and Analysis

The analysis if precipitation data during Task 1 has been limited as a result of the data acquisition
procedure of IMD which requires affal requests and payment for data. It has not been possible to
obtain the long period data required for analysis until this data request has been finalised.

Until the long term data are obtained from IMD, the analysis has been based on the following:

1 Monthly rainfalls at Srinagar, Qazigund, Pahalgam and Kokernag for the period 1980 to 2017
provided by the Srinagar office of IMD; and

91 Daily rainfall at Srinagar, Anantnag and Baramulla for the period-199Q from the KNLI
Climate Explorer website.

The anaJsis comprised some basic analysis of the long term daily rainfalls together with a frequency
analysis of ay and 5day annual maximum seriganore detail is given in the body of the report.
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Table8 ESZummarigs the outcome of the rainfall frequency analysis and also shows the

approximate probability of the Blay rainfalls for 2014 at the various locations from the fitted
distribution. On this basis, the 2014 event was about 6.6% AEP (15 year ARI) at Srida%aAEP
(80 year ARI) at Baramulla and 0.14% (700 year ARI) at Anantnag.

TableESBummary of day and 3day rainfall frequencies

Annual Average Srinagar Anantnag Baramulla
Exceedance| Recurrence 1 day 5 day 1 day 5 day 1 day 5 day
Probability | Interval (ARI) max max max max max max

(AEP) Years (mm) (mm) (mm) (mm) (mm) (mm)
0.1 1000 159 291 197 317 197 327
0.2 500 145 264 184 297 184 308
0.5 200 128 231 166 270 166 281

1 100 116 207 152 249 152 261
2 50 105 184 138 226 138 240
4 25 93 162 123 202 123 217
5 20 89 | 155 | 118 194 118 210
10 10 78 134 102 168 102 186

2014 148 309 256

15yr 700 yr 80yr
6.60% 0.14% 1.25%

c) StreamflowData and Analysis

Daily streamflowdata have been provided only in terms of mean daily stagaversion othese
records to flows will be undertaken in Task 2 once the stdigeharge relationships have been
reviewed. Hence, the analysis undertaken in the preliminary hydrology report is in on the basis of
stage records only.

Comparison of the stage records@ngamMunshi Bagh and Ashahas shown thathe minimum

stage at Sangam reduced significantly between 2009 and 2014, and then more slowly since 2014. At
Munshi Bagh, there has been a slight increase in minimum level over this period and none at Asham.
This indicates that the river bed at Sangam was being eroded quite rapidly ove2@09at an

average rate of approximately 1m per annum, and about 0.25m per annum since 2014.

This could be a result of the sand mining which occurs along the rivetibutigh rate suggests

that this may be due to a head cut moving upstream, which could have been initiated by the sand
mining further downstream. The reduction in erosion rate since 2014 could be due to the head cut
having passed upstream of Sangam, @& tbsult of the large sediment inflow during the 2014 flood,
or a combination of the two.

Figure ES2learly shows this reduction in minimum stage at Sangam
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FigureESDaily Stage 2002018¢ Jhelum River at Sangam

The preliminary analysis has concemgiéon flood frequency analysis (FFA) of the annual maximum
series of daily flows for the Jhelum River and major tributaries, which is important in developing the
relative contributions of the major tributaries to flood flows, in a statistical sense.

Table9 summarises the fitted probability relationships for the Jhelum River gauging stations.

TableESEstimated Flood Probabilitieghelum River

Annual El>.(ceedanc Average Maximum 1 day flow (%)
Probability (AEP)| Recurrence
i Interval (ARI) Khanabal|Samgan Awantipora s [SUEhL ShadiporgAsham |Sopore |Baramulla
Years Bagh | Bagh
0.1 1000 2191 | 5273 | 5195 | 3607 | 2170 | 1964 | 1967 | 1519 1847
0.2 500 1633 | 4525 | 4180 | 3139 | 2049 | 1824 | 1875 1,441[ 1,768
0.5 200 1092 | 3634 | 3,007 2573 | 1876 | 1633 | 1741 | 1331
1 100 795 | 3030 | 2438 | 2183 | 1734 | 1484 | 1629 | 1244 I
2 50 570 | 2481 | 1894 1823 | 1581 | 15330 | 1505 | 1,151
4 25 400 | 1984 | 1446 1490 | 1414 | 1171 | 1,367 | 1,053
5 20 356 | 1835 | 1319 1389 | 1,357 | 1,119 | 1320 | 1,019 I
10 10 241 | 1401 973 1,090 | 1,169 | 950 1,159 | 908

Tablel10shows the probaittity of the 2014 flood at the various locations from the fitted distribution.
Apart from Awantipora and Munshi Bagh, which appear to give an anomalous value, this table
clearly shows the reducing probability of the 2014 flood in a downstream direction.

Table11 shows the estimated probability of the September 2014 peak flow in the major tributaries.

In terms of actual flows the largest flows were from the Lidder Nallah and Vishow Nallah, but in
terms of probabilies, the most extreme was the Sandran Nallah in which the flow was approaching
the 0.1% (1,000 year) event. The Lidder, Bringi and Sindh Nallahs all had flows in excess of the 1%
AEP (100 year ARI) with the Lidder being at 0.5% (200 year ARI).
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TableES4 Indicated Probability of 2014 Flogdhelum River
Location Peak flow Estimated Average Estimated Annual
(m3fs) Recurrence Interval Exceedance
(ARI) (Years) Probability (AEP) %
Khanabal 944 137 0.8
Sangam 3263 125 0.73
Awantipora 1703 37 2.7
PadshahBagh 2299 120 0.83
Munshi Bagh 2055 500 0.2
Shadipora 1321 48 2.08
Asham 1348 23 2.35
Sopore 921 10 10
Baramulla 984 5 20
Table ES5 Summary of Flood Frequency Curves for Major Tributaries
Annual Exceedand  Average Maximum 1 day flow (n¥/s)
Probability (AEP)| Recurrence o ] Vishow o ]
% Interval (ARI) Bringi at | Lidder at] Sandr.an at o Ramb!arl Arapat at| Sindh at| Pohru at
e Dantar | Khanbal| Muniwar Arwani at Nayina| Dantar Preng | Seuloo
0.1 1000 2025 | 2623 302 1,831 | 1,831 1226 2,623 803
0.2 500 1,328 | 1,827 | 239 1,244 | 1244 | 896 1,827 | 762
0.5 200 750 734 734 699
1 100 480 780 132 484 484 644
2 50 303 | 536 | 100 313 313 582
4 25 188 366 73 198 198 511
5 20 160 | 323 | 66 170 170 169 323 486
10 10 95 | 218 | 46 102 102 | 109 218 403
2014 506 944 298 866 356 300 896 239
ARI Years 106 200 900 70 60 50 120 3
AEP % 0.90% | 0.50% | 0.10% | 1.40% | 1.70% | 2.00% | 0.80% | 32%

These results are consistent with those from the rairffalquency analysis and the frequency
analysis for the Jhelum River flows, all of which indicate that the most extreme events occurred in
the southern tributaries all of which feed into the Jhelum in its upstream reaches around Sangam.

Preliminary Morphobgy Report

The 1:25,000 scale preliminary morphology maps of the Jhelum river floodplain have been prepared
at A2 size (40 sheets) and have been printed separately, as Volafrthig report.

The preliminary morphology report is based on existing, magtpndary information, and provides

as summary of the principal fluvial geomorphological characteristics of the Jhelum River Valley. The
report includes sections on: spatial geomorphology (topography, alignment of mountain ranges and
of the Jhelum Riveralley);seismic zoning; soils; slopes (erosion potential); characteristics of the
Jhelum River main channel, Flood Spill Channel and tributaries; and lakes and other waterbodies.
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The principal findings are

T

The main channel of the Jhelum River is gegstable having been fixed in place by
the construction of high river banks along its whole length to Wular Lake, with minor
instabilities on the outside of bends exacerbated by uncontrolled sand mining;
There is no largscale evidence of recent instabylin the tributary channels,

although these are inherently less stable than the Jhelum due to their steeper
gradients significant sediment loadsnd the absence of constructed banks

Sediment generation occurs generally at slopes greater than p&eticularly above

the tree line, with slopes between about 5% and 15% being essentially transport
zones, and areas where slope is less than 5% are deposition zones;

Due to its low gradient the Jhelum River has a meandering course, further
development of whichs constrained by the constructed river barkihe sinuosity of

the meandersshighest on the south side of Srinagar;

The FSC does not, in the main have increased banks but it does have a number of bed
and bank constrictiong the capacity of the FSCrisw only about 50% of its original
design capacity as the result of sedimentatipihis possible that meander
developmentcould start in the future;

The capacity of Wular Lake has also reduced significantly over recent decades
reducing the flood attenuabn capacity of the Jhelum River;

Downstream of Wular Lake, significant sediment inflows from Pohru Nallah impact on
the capacity of the Jhelum River and are being controlled by dredging;

Catchment management, principally by reforestation needs to be edgédim order

to reduce sediment generation; and

Climate change over the remainder of the®2Entury and beyond is expected to

result in more intense rainfalls, which will exacerbate sediment generation.

Methodology and Work Plan

This section sets out theroposed methodology for Tasks 2 to 5 of Part A and of Pa@irBy a brief
summary of these sections is given here.

Task 2 Data Collection

The subtasks which comprise Task 2 are summarised below:

T
T
T

Data Collection
Identification of data gaps
Bathymetricand crosssection surveysg work on this has already commenced with
guotations obtained for this work at the time of writing the quotations have been received
and evaluation is underwayit is anticipated that work in the field will commence mid
Septenber with the work to be completed by the end of November
Preparation of digital elevation model (DEWjitial work on this has concluded that:
o Existing low resolution DEM (JAXA ALOS) which is a 30m x 30m grid DEM, vertical

accuracy +/5m is sufficientdr the nonvalley parts of the Jhelum river catchment,
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for example for delineation of sutatchment boundaries for hydrologic modelling,
and estimation of slopes;

o0 The development of a DEM from satellite imagery is unable to provide the vertical
accuracy neessary to properly model flooding in the Jhelum River valley which
requires high accuracy because of the very flat gradient, as vertical accuracy of only
+/- 0.6m can be achieved;

o !'a I NBadAd 2F GKS F0620S We¢Cwt Kanéw | INBSR
floodplain survey be undertaken using aerial LIDAR which can provide a 1m x1m
DEM with vertical accuracy of-®/15m which is appropriate for the hydraulic model
component of the study, at the time of writing quotations are being sought in this
regard;

1 Reviewof hydrometric networkg whilst the hydrologic network is already quite extensive
along the Jhelum mainstream and the tributaries, only a few stations are equipped with
water level recorders and modern flow measurement technology is only usedeav site

0 also there are no flow measuring stations along the FSC and further stations may be
required to allow investigation of the possitdesersion from Dogripora, and the
better use of Anchar Lake for flood mitigatiqithese requirements will besviewed
and appropriate recommendations made;

o the need for additional stations on the tributaries for flood forecasting and flood
warning will also be a focus of the review;

o the quality of flow data will also be reviewed in terms of the gauging histtages
discharge curves and basic consistency analyses of the relationships between
incident precipitation and streamflow volumes.

1 Additional Hydrologic Statia Based on the above review, recommendations will be made
for procurement of equipment to enhaeahe hydremeteorological network including rain
gauges, water level recorders and ADCPs. This will include recommendations for telemetry
whether this be via radio (RF) or satellite technology (such as Galillkeis)will include
reviewof the current food waning system arrangements in order to assist in establishing a
Flood Warning Centre (FWC)

1 Geotechnical, geomorphological and geological investigatidhnis currently envisaged that
the investigations under this task will primarily be geotechhiimaestigation of potential sites
for structural works suchsmnew flood control storage and/or diversion channels.is¥ill
require geotechnical investigations of both foundation materials and materials available for
construction (borrow pits). Locgkological mapping will be required around these sites, but
no large scale geological mapping is envisaged

1 Community Surveysthis will include development ofa questionnaire, checklist and draft
template, recruitment andtraining of local survey teamprimary data collection and use of
GIS for hazard mapping, resource mapping and vulnerability magpimg aim is to survey
approximately 5 or 10% of the impacted persons from identified affected districts

1 Development of geomorphological database well structured computer database will be
developed for this purpose and user friendly tools will be developed in order to provide access
for viewing, search and reporting from the database. This will include a wide range of data
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including: spatial, floodmorphometric, hydrometric, hydraulic, geotechnical, geological,
environmental, natural hazard and so@oconomic data;

91 Data Collection Report (Deliverable-2)comprehensiveeport will be compiled which will
describe the work undertaken in Task 2 unter subbheadings outlined above. The data
collected in each sutask will be included in Appendices to the report and will form the
basis of the database.

Task X Establishment of Hydrologic and Hydrodynamic Models

The timing of Task 3 is totaligpendent on the timely completion of the river cros®ction,
bathymetry and LIDAR surveys for the development of the hydrodynamic model. Any delay in
completion of these surveys will inevitably delay Tasks 3 and 4 and the submission dates of their
deliverables.

In Task 3, the models are to be setup and calibrated primarily against the records from the 2014
flood. Another major flood and possibly a smaller flood will be used to validate the model (selection
will be based on data availability). The model thi#in be used for design conditions such as the 1%
annual exceedance probability (AEP) (or 100 year average recurrence interval (ARI) flood.

Modification of the model to investigate various flood management options will be undertaken in
Task 5.

It is propased to use the HEBMS hydrologic model to estimate flood hydrographs on adaity
(probably hourly) basis into the Jhelum River from each of the tributaries for these flood events.
These hydrographs then become the inflows into the hydrodynamic m@édelpropose to use the
2D version of the HERAS model for this purpose.

These are both licenelee, public domain models developed by the Hydrologic Engineering Center
(HEC) of the US Army Corps of Engineers. The models are well respected and hagerbofidddy

used successfully across a wide range of environments. The relevant members of the Study Team
have used these models and are fully familiar with their use.

Deliverable 3, the report on the establishment of the hydrologic and hydrodynamic rimadeflthe
calibration and validation floods will be prepared and submitted according to the revised Work Plan.
This will provide a full description of the model development, data used, calibration and validation
performance.

Task 4 Preparation of River lidrology and Morphological Report

Primarily, Task 4 will comprise updating of the preliminary hydrology and morphology reports
prepared under Task 1 based on the outcomes of Tasks 2 and 3.

Task 4 also includes a review of national and international gnetebn flood modelling and
reporting on the hydrology and geomorphology of flopttswill be undertaken to ensure that the
reports prepared by this study represent current best practice in this regard.
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We will prepare user manuals for the hydrologiadrydrodynamic models and for the morphologic
database and provide training in their use. The training will be tailored to the needs of JTFRP and
IFCK in particular.

This Task will include a stakeholder workshop to present the findings of Te&kBdlowing receipt
of comments from the draft report and from the stakeholder consultation and any ideas from the
guideline review, we will prepare the Final (Revised) Hydrology and Morphology Report.

Task 5 Feasibility Study

Thefeasibility study phase wilhclude the identification and evaluation of a range of potentially
effective flood mitigation options. These will be initially evaluated individually and short listed when
the remaining options may be considered in combination.

The hydrodynamic model Wbe modified to include a range of potential structural flood mitigation
measures including the following identified to date:

9 Proposals for dredging of Wular Lake and other waterbodies;

Proposals for a new diversion channel creating a shorter route fhrenfSC to Wular Lake;
The effectiveness of current proposal to widen the OFC;

The possible additional diversion channel from Dogripora to Wular Lake;
Development of detention basins within the floodplain;

Potenital for meander cutoffs and other river maysament measures;

Possible development of flood control storage on southern catchments;

Possible development of flood control storage on Pohru Nallah and Sindh Nallah;

9 Various operational strategies to increase the use of Dal Lake and Nagin Lake.

=A =4 =4 4 -8 -8 4

Initially, these and any other identified measures will be modelled individually and their
effectiveness in flood mitigation evaluated. In addition to their flood control benefit this will include
consideration of their environmental and so@gonomic impacts, cosind constructability risk.
Shortlisting of these measures will be undertaken based on the above considerations and those
potential measures with little or no merit, or with significant negative impacts will be discounted
from further consideration. Atakeholder workshop will be held to short list the options.

The shortlisted options will then be subject to further investigation including concept design,
further geotechnical investigation (if required), EIA and EMP.

In addition to considering the inddual proposals individually, at this point various, appropriate
combinations will also be considered and evaluated.

The outcomes from theptions evaluatiorwill be used to prepare the Draft Feasibility Report (D5).

A further stakeholder workshop wilkbheld to discuss the findings of the draft feasibility report.

The Final Feasibility Report (D6) will then be prepared taking account of the discussions and
outcomes of the stakeholder workshop, reporting from which will be included in an Appendix to the
report.
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The feasibility study will also include the consideration of a range oftroctural measures which
have been listed above in regard to Task 1.

The outcomes from these investigations will be used to prepare the Draft Feasibility Repeth{®5)

will be presented in the form of a Flood Management Plan and will include a recommended
investment schedule. The Flood Management Plan will also take account of possible future changes
to catchment hydrology and morphology resulting from currentlyraated impacts of climate

change.

The Final Feasibility Report will form the basis for the work to be undertakeartrBof the study.

Task also includes a report on the proposed SCADA system for flood forecasting/warning and
control of gates.The requrements for the SCADA system will be evaluated so that appropriate
technology can be applied. Except at gates or other control structures which require significant
power input, upstream detection equipment requires only solar cell with battery storage.
Nonetheless access issues may be important in remote, upstream locations.

The choice of communication system is also an important considerattiios can be via the
telephone system, UHF or VHF radio and by satellite. These options will be reviewed and
appropriate recommendations will be made in this regard. This will include review of the control
centre hardware and software requirements.

Part B

Part Bof the project comprises the preparation of the Detailed Project Report (DPR) for the

structural woks recommended as the outcome of the Flood Management Plan developed under

Part Ab ¢KS 5tw gAtt 0SS LINBLI NBR (2 Gldehedffod ¢AGK K
Preparation of DPR for Flood Management W¢@&/C 2018). If necessary additional p@phic

survey, geological, geotechnical and geomorphological site investigations will be undert&ah in

B.

¢KS 5tw gAff Ffaz2z oS LINBLI NB RforsupmisSigngdpitigalagd0S & A (i K
acceptanceof flood controlprojects. The man components of this will be:
9 Concept report including the preliminary design, drawings and cost components of the final
scheme; and
9 Draft Detailed Project Report which will include the detailed design, detailed drawings,
detailed cost estimate and unit taanalysis;
9 FinalDetailed Project Report after incorporating stakeholder comments on the Draft Report;
9 Tender documents for proposed scheme.
Part Bwill include the provision of clarifications to queries raised during the DPR process by CWC or
other agencies and will provide require technical support. The complete clearance of the Dpr should
be achieved by the end of the project.

Following the approval of the DPR, tender documents for construction will be prepared including
Specifications and Bills Quantities.
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Work Plan
The Work Plan has been updated to reflect the Methodology outlined above

It is not practical to include tributary surveys, the installation of additional hydrometric stations, or
the geotechnical investigations required for theibility study within the timeframe of Task 2.
These items have been left in Task 2 but will need to be reported upon later. In all other respects,
the updated work plan complies with the timing of deliverables as stated in the Contract.

The total montls of the individual expertsas given in th&taffing Scheduldias not been varied
from its original versiorglthough there are changes to the timing of their varigysuts.
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1 Introduction

1.1 Background

This projectConsultancy Services for preparing feasibility and detailed project report for flood
mitigation and comprehensive river management measures for Jhelum, isasime elemenof the
overallJhelum and Tawi Flood Recovergject {TFRP).

EPTISA Servicios de Ingenieria SL (Eptiaa)been commissioned to undertake this Study on behalf
of JTFRP. This report is thask 1 Reporfor these Consultancy Services, and it compribesvork
undertaken during the Inception Phase and Task perthe TOR for Part A.

The Jhelum River Valley suffered record flooding in September 2014 as a result of abnormally high and
widespread rainfall particularly in the southern part of the catciminerhe rainfall across the southern
catchment in the first week of Septembaveraged 433mm (Romshoo et al 2018his resulted in
widespread flooding along the Jhelum River from the confluence of the southern tributaries near
Sangam, through SrinagaityC and downstream tdBaramulla The peak flow in the Jhelum River at
Sangam was estimated by the lIrrigation and Flood Control Departnié@i(to be 3,260 rfis
(1,15,000 cusecs)he area flooded was approximately 85Gknn Srinagar, the floodwateveere up

to about 1.5m above theiver embankmentsand large parts of the city were inundated at depths of

up to 6m. Someareas of the citwerefloodedforup to 4weeks.L Y F RRAGA2Yy G2 RIF Yl 3!
homes and livelihoods, there was a great deatlafnage to public infrastructure including roads,
bridges and hospitals.

Many factors have influenced flooding in the Jhelum River valley including increasing encroachment
by urbanisation and the reduction of the natural flood storage provided by Wularadradk other lakes

and wetlands due to sedimentation. There is over 100 years of flood mitigation history in Srinagar
with the Flood Spill Channel constructed about 39@eing the first major flood mitigation
infrastructure. There are a number of existiagd proposed flood mitigation measures which
together with the lakes, wetlands and natural floodplain storage present a complex problem for the
mitigation of future floods.

This study is undertaken against the background of the recent flooding and raocenbngoing
impacts of development as briefly outlined above.

1.2  Study Area

For hydrologic modelling purposes and for consideration of catchment management, the study area
comprises the whole of the Jhelum River Catchment to the {Rdidstan border. For ¢
hydrodynamic model, the study area comprises the Jhelum River valley and its floodplain from
Khanabal Bridge t8alamabad Bridge

Figurel shows the catchment area and the main stdichments within the Jhelum\Rir basin.
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Figurel River Jhelum CatchmestiowingMajor Subcatchments

1.3  Objectivef the Study

The overarching objective of the study isréstorecritical infrastructure, damaged primarily by 2014
floods, with upgraded rekent features including contingency planning for future disaster events.

This requires detailed flood inundation modelling in order to better understand the flooding processes
occurring in the floodplain, and the interactions between its various comptneand also to
investigate the effectiveness of a range of flood mitigation measures already under consideration and
to identify and evaluate of potential measures such as tributary flood storage.
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The various measures will be considered both individuaily in various combinations to produce a
resilient flood management plan, which will also include #stmictural measures such as town
planning/land use controls and catchment management to reduce sediment inflows into the river
system.

The firststage othe Study Part A comprises the data collection, flood modelling, and concept design
components leading to a feasibility study of options from which selected components will be selected
for inclusion in the proposed Flood Management Plan. This planbwikh blueprint for flood
management and mitigation in the Jhelum River catchment for several decades.

Once the elements of the Flood Management Plan have been finalised, the second stage of the Study
(Part B will comprise the development of a Detailed [t Report for the planned works including
detailed design drawings and tender documents.

1.4 Comments on the Objectives

The objectives and scope of works as set out in the TOR are comprehensive and appropriate. As
discussed furthein Sectiors 2.4 and 3 hereof, flood management in the study area is complex and
will require a combination of structural and netructural measures in its implementation

We see the crossection surveys of the River Jhelum and Flood Spill Channel and the bathymetric
survey of Wulr Lake, Anchar Lake and the other associated water bodies as a key element in

providing adequate data to enable the development of the hydrodynamic model as a meaningful

tool in evaluating a wide range of flood mitigation and management optidiesthisend, JTFRP has
FINBSR (2 9LJXiA&alrQa LINRLRalLt G2 oNAy3a (GKS adl NI
completion by the end of October. Whilst the data collection phase continues through to April 2019,
the surveys are required by the enfi©ctober, in order that the hydrodynamic model can be

developed to meet the Task 3 deadline in December 2018.

The development of a high resolution Digital Elevation Model (DEM) for the whole of the floodplain
including the Srinagar City area is alsoaailtin this regard We haveevaluatal the ability of the
available satellite imagery to provide the required accuracy] have found this to be insufficient,

and that LIDAR survey is required for the floodplain area. This approach has bene approved by
JIFRP and at the time of writing, quotations for this work are in train.

Other primary and secondary data whilst important, and necessary, are not critical in this way.

1.5 ProjectTiming

Both Part AandPart Bof the study are of 12 months duration, and witlstarting date of 18 July
2018, the completion dates are #3uly 2019 foPart Aand 13" July 2020 foPart B The timing for
the completion ofPart Bis provisional on there being no delay between the completioRant A
and the commencement d?art B.
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1.6 Report Structure

This report is structured into 2 Volumes, namely:

I Volume 1 Main Report: and
1 Volume 2 PreliminaryMorphologyMapping(1:25,000) scale

Within Volume 1the report is structured as follows:

Section 2 Inception Report including pject risks and challenges

Sections 3 to 5Task 1 Report including Preliminary Hydrology and Preliminary MorphRleggrts
Section 6 Methodology and Work Plan fahe remainderof Part Aandfor Part B

Section 7 References

Appendices

Appendix A Study Team

Appendix B Photographs from Site Inspections

Appendix C  List of Tributaries
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2. Inception Phase

2.1 Mohilisation

The Contract between the Jhelum and Tawi Flood Recovery Project (JTFRP) and Eptisa was signed on
2"d July 2018 and several members of the Stliéam were mobilised to Srinagar for the project

Gl RATE YSSGAYy3IT 4 ”uly@rS, Bylwhich KngfthR préegt office had been
established in accommodation provided by the Client in Hotel Ranchi. Team members present at

0 KS -# 7T Redlihgrare listed imppendix A

2.2  Site Inspections

Three oneday site inspections were organised for members of the Study Team by the Irrigation and
Flood Control DepartmentRCK during the Inception period (16Julyg 15" August). These took

placein the southern, central and northern parts of the Jhelum River main stream respectively.
These were very useful in familiarisation of the Study Team to the Jhelum River, Flood Spill Channel,
Outfall Channel, Wular Lake, and Anchar Lake.

Photographs fom these site inspections are givendppendix Bhereof.

Eptisa thanks thetaff of thelFCKn organising and participation in these site inspections and
conveying their knowledge of the river basin and its flood characteristics.

23  Preliminary Data dettion

During the Inception phad&CHKvasthe primary source of primary hydrologic and spatial data, and
reports on flood managementData collection from IMD was also initiated and is ongoing.
Secondary spatial data were obtained from a variety ofligudlomain sources together with various
other data and reportsThe collection of social and environmental data also commenced and is
ongoing. A summary of thenajordatasourcess given below:

The following spatial data were obtainedd entered in a GIS. (The GIS has been established using
QGIS which is public domain software).

a) Data fromIFCK
1 Map of catchment and subatchment boundaries;
1 Map of water bodiesn the Jhelum River catchment
1 Map of rain gauges and snow gauges in JhdRiver catchment
1 Map showing river distances along Jhelum River main channel, gauging station locations and
bridges;and
Map of flood inundation extent in September 2014
1 Map showing preliminary alignment of possible Dogripora to Wular Lake Diversion&Chan

=

b) Digital elevation models (DEM)
1 Low resolution DEM from AL@QBAXA 2009B0m grid, vertical accuracy ~-&im)
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1 Low resolution DEM from SRTMASA 200QB0m grid, vertical accuracy ~#5m)

23.2 HydrologicalData

The following hydrological data wereceived fromFCK

1 Annual maximum discharge and stage data for Jhelum River main stream stations at
Khanbal, Sangam, AwantipoRampore, Padshahi Bagh, Munshi Bagh, Shadipora, Asham,
Sopore and Baramulla for the period 198617

1 Annual maximum dischge and stage data for the following Jhelum River tributademal,
Aripath, (2 stations) Aroo, Bringi (Bachigam (2)Dakil, DangawarDoodganga (2Erin,
Ferezpora (3)3ogaldaraHamal (2), Kamil, Liddar (6),Lolab (2), Madhumati, Ningli, Pohru
(3), Rambi Ara, Romshi Tafandran (2)Shali,SheshnagSindh (3)Sukhnag4), Tailbag,
Taller, Vethvethroo (2), Vij, Vishamd Watalard\allehs for the period 1962017,

9 Daily stage level at Sangam, Ram Munshi Bagh and Asham220@3

91 Daily water lgel at Wular Lake outlet 2002007

1 Rating curves for Jhelum River sites Sangam, Munshi Bagh, Asham and Sopore;

1 Bridge crossections: and

1 Map showing locations of gauging sites, bridges and river distances.

3

2.3. Geomorphological Data

The following geomorpological data were received frofRCK

1 Jhelum River crossections used ICTWPRS & -RASE modet these are not georeferenced
and are understood to be from 2010 survey

224 Meteorological Data
aSiS2NRt23A0Ft RIFGF KIF & anPaons, foawhidrNdgdSaie cRalg®dY L a5 Q3
This process has been initiated, in the meantime the following rainfall data has been accessed:
1 Monthly rainfalls at Srinagar, Qazigund, Pahalgam and Kokernag for the period 1980 to 2017
provided by the Srinagar ofécof IMD; and

1 Daily rainfall at Srinagar, Anantnag and Baramulla for the period-199Q from the KNLI
Climate Explorer website.

2.25 Flood Management Reports

S.No Issues/Topics Main Outcome

1 CWPRS (April 2018) | 1D HEGRAS model of Jhelum River used for design of Interim Flood
Mathematical Model | Mitigation Scheméo the enable the Jhelum River to convey 1,76Gm
Studies for Routing of| (60,000 cusecs) at Sangam through the systéthout significant
Flood in River Jhelum| flooding.
at Srinagar, Jammu

And Kashmir, A number of options were considered. Main recommendations are:
Technical Report 1 Extending the channel of the Flood Spill Channel (FSC) thro
5593) the Hokesar Lake effectively increasing the conveyance thoy

the lakeg sub options vary the with of this channel between
30m and 80m; and

\l
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1 Increasing the width of the Outfall Channel (OFC) from Sopd
Bridge (RD 150.25km) to RD 173.2km by an additional 40m
along the thalweg line.

Dept. of Ecology,
Environment and
Remote Sensing
(2015) A satellite
based rapid
assessment on
Floods in Jammu &
Kashmirg September,
2014

flood inundationmappingthroughout the floodwill be useful in model
calibration.
Suggestions for further flood protection measures.

IFCK (Feb 2015)
Kashmir Flood 2014

Observatiols on department of Ecology, Environment and Rem
Sensing (J&K) report on sept 2014 flood; discussion on climate ch
potential for a secondary flood relief channel; consideration of impag
new expressway to Jammu and railway on flooding; requirdnfen
improved flood warning system; requirement for improved catchm
management; removal of bottleneckseed for flood zoningpotential of
cascade of weirm tributaries

Sphere India: Rapid
Joint Needs
Assessment Report
Phase 0128th
September2014

As of 16 September 2014, 190 people and 78 people have been rep
dead in Jammu and Kashmir division respectively. As per the prelimi
information of Government 9,814 residential houses were fully dama
and 23,763 partialljgamagedn Jammu egion.

The Govt. has started over 87 camps in Jammu and over 147 (exclu
Srinagar, Banidipora and Kupwara) in Kashmir division.

Water level was more than 3 feet in 62 villages and has entered into
houses in 87 villages.

86% of the wardsvere affected and major damages to shelter, water
and sanitation facilities, crop/agriculture land and education.

Tourism is one of the most important source of livelihoods (earnings
which is most affected. September is the peak season addbaan
stopped, thudeading to reduced incomes.

Survey results focus on impacts and its main reason in various esse
sectors such as education, shelter, agriculture, livestock, livelihood €
and related mitigation measures (immediate, ntedm and long term)

International
Research Journal of
Engineering and
Technology (IRJET)

This research paper gives an overview of all the major and minor chg
during the evolution of Srinagar that have been causing floods in the
or are having a potential to do so in the fuguand also suggests guidelin
to mitigate floods in existing as well as upcoming cities. The guide
shall be in the form of planning criteria for different layouts, use of
materials and adaptive building construction techniques which have I
derived from the vernacular planning and architectural vocabulary
ensure social acceptance along with environmental sustainability.
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Some of the main reasons for floods identified are a) high run off
result incessant rains may induce melting of gesiand add to ferocity
2F Ft22Ra3X O0FNNASNE (G2 g1 G§SNI Ff

The floods in the valley apart from innumerable man made factors g
result of the climate change in a broader perspecti¥elapting the
construction styles awrding to the change in climate and rainf
patterns that are inevitable in future is also required to prevent the |
of lives in any such future hazards and protect the fragile heritage oi
Paradise on Earth.

The proposed scheme would be embradsdits prime stakeholders as
would promote the ancient cultural and social values that people h
evolved with and adapted to over years rather than putting them in
alien setting. Thus, it would help to sustain the social traditions

cultural heitage in an absolutely new setup by holding on to the rootg
6 Consolidated report | As per the report, the following were the main observations against

from Office of damages of
Divisional Structures:
Commissioner, 1. fuly damaged (kacha1052; pacca: 9747)

YIFaKYANEQ | 2. Severely damaged (kachd629; pacca: 29069)
Ft 22RQ Hnw 3. Partially damaged (kacligb425; pacca: 86929)
4. Huts damaged : 4447;

5. Cowshed damaged: 17199

Total damage:155497

Crops:

Total crop area affected:5555117 K3M
Tatal Beneficiaries:906091
Compensation given: NIL

Cattle:

Total cattle loss: 92635

Amount sanctioned in Lacs: (83.12)

Disbursed: 37.61

No. of beneficiaries: 11566

7 UPPAL HL (1955) Boq Useful historic information on early flood managenmerorks
on River Jhelum

23 Project Risks

The perceived risks and challenges to the timely completion of the project are listeel Tiablel1
together with their level of risk, and proposed risk mitigation. These rédatver crosssection,
bathymetric and floodplain surveys to be undertaken in Task 2: deldlgese surveys will result in
delay to the flood modelling and feasibility study tasks in particular.

Action has been taken to commence the field surveys earlier dgngmally planned which helps to
address the potential delays but is also a practical move in order to complete these surveys before
winter.
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Tablel Project Risks and Challenges

Risk Risk Level | Impact on project | Mitigation of risk
completion
Part Ac Task 2
Delays tacrosssection and| Low to Delayin completion| The field worlhas been brough
bathymetric surveyslue to | Moderate | of Part A forward to start as soon ag
rain and flooding possibleto reduce this risk.
Client assistate in expediting
any required survey clearance
may be required
If this delay does eventuats
resulting in delays to field work
Eptisa will make its best
endeavours to make up time.
Delays to floodplain Lack of accuracy in| Risk reduced by requiring survg
survey floodplain only to Baramullaavoiding the
Preliminary analysis has mcidlel_ltlmg if | area near the Line of Control
shown that a DEMerived ;ag e wpagep:]ls If aerial LIDAR is not possibl
from stereo Moderate l[nab equa de UtN3aS the fall-back option is to use
photogrammetry of to High 0 be used. ground based vehicle mounte
satellite imagerys not of Potential delay iff LIDAR or DGPS survey dopan

sufficient accuracy and tha
LIDARsurvey ighe
preferred technology for
data capture. Thereis a
risk that aerial survey will
not permitted due to
security issues.

LIDAR allowed bu
release of data
delayed

areasand along roads and track

Difficulties in obtaining site
access for geotechnical,
geomorphological and
geological investigations

Low to
moderate

Delay in completior]
of Study

Client assistance in expeditin
any required access clearanc
may be required.

Part B

Difficulties in obtaining site
access for additional
geotechnical investigations

Low to
moderate

Delay in completior]
of Study

Client assistance in expeditin
any required access clearanc
may be required.

10
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2.4  ProjectChallenges

Theprincipalchallenge for this project is to develop a flood risk management plan for the Jhelum
River that can deal with a flow at Sangam eglent to that which occurred in September 2014

taking account of the fact that the current river capacitpidy about 50% of that flow, and that
existing flood management works which have developed over the last 100 years, and the ongoing
sediment ints together with largely uncontrolled development in the floodplain, have led to a very
complexflood managemensituation.

The development of a sustainable plan will req@reombination of structural and nestructural
measures which are then implemertt and enforced.

Whilst it is too soorin the course of the projedb identify specific works, it is likely that the plan will
containboth structural and nosstructural elements, such as thoseatlined below.

a) Upstream of Snagar

As the channel capacity of the Jhelum River at Sangam is about 13/20®@000 cusecs) and the
September 2014 flow was estimated to be 3,260n(1,15,000 cusecs), clearly one objective is to
reduce the peak flow in the rivempstream of SrinagarThedesign capacity dFCIQ & i gofierBeNJ
is 1,700 n¥s (60,000 cusecs) at Sangam, so the flood management plan needs to deal with flows
above 1,700rs to a design flow of 260 m*s (1,15,000 cusecsyndalsoconsider the
consequences of flows irxeess of tat design flow.

Ideally the peak floncould bereducedby constructiorof flood control dams (detention storage) in a
number ofthe southerntributaries. Unfortunately, because of the steep gradient of the tributaries,
the storage to height réb of any dams is likely to be pooFhis may require a number of relatively
small capacity damddentification of possible sitesdm the DEM will be an early priority.

Also, as many of the southern tributaries are of similar lengths and gradienisptraks all reach

the Jhelum at similar timeshereby adding tahe peak flow. Storagéf suitable sites exist, would

not only reduce the peak flow in the tributary but would delay the peak. If tributary inflows could be
delayed by differing amountgheir peaks would enter the river over a longer period which would
again aid in attenuating the peak flow.

However, it seems likely from our initial inspection of the catchment rrfaps) the low resolution
DEMscurrently availablethat the scope for thiss very limited although it may be possible to
extend the stoage at existing water bodies on the Lidder &uthar Nallahs The opportunities for
flood control storagewill be fully evaluated during the feasibility stage of the project.

Any such storags would also act as sediment basins and they would need to be designed so that
accumulated sediment could be readily removed, and where suitable used for building sand or
gravel.

The Jhelum River is embanked along virtually its whole length from Sandainagar and during
major floodsthe embankments overtop and are breached in several locations. It is not practical to

11
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increase the channel capacity by raising the banks as that would lead to worse problems when the
banks did overflow Howevergcontrolled overflow from the river into the floodplaiwill be
considered.By having controlled overflow from spillways that are lower than the generabtop

bank level, allows the overflow to be directed into floodplain areas to be allocated for this purpose
prior to general overtopping occurring

The Jhelum River floodplain between Sangam and Srinageitidyon the left bankand has

significant capacity for temporary flood storage. The new expressway appears to have significantly
less crossirainage proision than the railway further to the west, so this will impede and restrict the
flow of water in the floodplain. The presence of the new road may also encourage uncontrolled
development along its length which will further reduce the active floodplaimciap

One the hydrodynamic model has been established it will be used to investiigaéxtent to which
flood storage capacity may be enhanced possibly by the construction of polders to holder water
above the natural flood level, with polders overflowisigccessively to the next downstream.

Previous considerations of controlled spill have identified that this would result in low sediment load
water flowing into the floodplain and the water with higher sediment concentration remaining on
the river. Thisauld be obviated by the use of underflow gates (sluices) instead of overflow weirs if
this approach is found to be otherwise useful.

Land acquisition issues will need to be addressed as part of this evaluation.

IFCkconsidesthat the construction of a send flood relief channel, taking water from the Jhelum
River near Dogripora to convey flood waters directly to Wular haekesh was first advocated in the
1930s,has merit so this will also lmnsidered and evaluated using the hydrodynamic model.

b) Sinagar

The Flood Spill Channel (F8@} constructed in 1903 with a design capacitglmdut 500ni/s
(17,500 cusecdjut this is understood to have reducednsiderably since its construction despite its

extensiondownstream and other works carried out lacrease its capacitffCKR&A LYy G SNRAY { OKS

includes some works to increase its capacity by the construction of a pilot channel or cunnete
through Hokesar Lake and Nowgham Zeglproposal to increase the capacity of the FSC to
623m3/s (22,000 cusecsjps never constructed.

CWPRSa NBOSyYyd Y2RStfAy3d F2N th&kRBverlherdmdgy { OKSYS
Srinagar, downstrearof the FSC of 1260#s (44,500 cusecs) with about 358 (12,400 cusecs)

entering the FSC. The gauge records for tHedZlbods show a peak upstream of the FSC of

2,300mn/s (81,200 cusecs) and 2058 (72,600 cusecs) downstream of the FSC and, hence,
approximately only 250#/#s (8,800 cusecs) entering the FSC.

The surveys to be carried out in Task 2 will enable the cgpaicihe river through Srinagar and
along theFSC to be updated and included in the hydrodynamic maodgéther with the evaluation
of the effectiveness of widening the channel to increase its capacity.

12
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The possibility of storage on the tributaries whitdw directly into the FSC should also be
considered but it is likely that these will be few opportunities for this as discussed in Section a)
above in relation to the southern tributarie€nhancing the use of Dal Lake for flood storage will be
consideed although this is unlikely to be major contributor to flood management.

As the river banks tlough the city are substantially above natural ground level, when the banks
overtop significant areas are flooded at depths of up tp3m. This is exacerbateghere breaches
occur in the embankments.

The collective effect of the many bridgesdhgh the city reach also need to be evaluated in the
model and any bridges which contribute significantly to the total afflux should be considered for
reconstruction. Aso, the recent renovation of the Chattabal Weir will be included in the madel
its effect evaluated.

It is clear that the capacity of the River Jhelum through the city reach cannot practically be
increased, so reduction in flow in this reach is critgisen the consequences of flooding of the city.
The principal options for reducing the flow in the river reach come down to upstream storage or
further diversion, or a combination of both.

¢) Srinagar to Wular Lake

Downstream ofSrinagar, the Jhelum Rividows to Wular Lake entering the lake near its northern

end. In this reach a major right bank tributary, the Sindh Nallah enters the JhBlarnof the Sindh
blFrftflFIKQa Ff2¢ LI aasSa GKNRBAAK ! yOKFNI[I1S 6KAOK
reducing the peak flow from Sindh Nallah into the Jhelum River. Survey of Anchar Lake is required to
determine its capacity and also the extent of bund construction within it which may dffeetedits
connectivity. Enhancing the flood control role afchar Lake is an option that will be assessAd.

partial diversion from the Jhelum River at Gagazu into Anchar Lake returning to the Jhelum River at
Shadipora was first suggested in 1915, and will also be evaluated.

Waular Lake is an extensive natural lakaich swells in area up to about 175kduring floodbut

reduces to only about 20kfin dry periods. It is apparent from aerial photography that the volume
of Wular Lake has reduced substantially over time as a result of sediment inflow. The bathymetric
survey to be undertaken during the study will establish its current volume, and the utility of
increasing this volume by large scale dredging will be evaluated with the hydrodynamic model.
Dredging of Wular Lake may invoke an issue with the Indus WeadatyTiregarding Jhelum River
storage: the safe approach would be to limit the dredged capacity to that existing at the time the
Treaty was passed (1960).

There is some concern that the water level in Wular Lchking flood exerts a backwater effect on

the flood level in the Jhelum River as far upstream as Srinagar, which supports the dredging of Wular
Lake to restore, or at least partially restore, its capacity. It is possible that this dredging could initiate
a sequence of headwards erosion along the umelvhich would, over time, increase its capacity,

but this would be at the expense of generating more sediment flow into Wular Lake. It may be
necessary, if dredging of Wular Lake is found to be beneficial, to construct a sill at the entrance to
prevent the headwards erosion occurring.

13
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The sediment in Wular Lake is finer than that in the Jhelum River upstream of Srinagar and is of no
use as building sand. Large scale dredging would result in a large material disposal problem, which
could possibly be metybthe construction of artificial islands within the lake.

The outflow from the FSC also enters Wular Lake needs its southern end. There is a proposal to
shorten the length of the channel from the FSC to Wular Lake by construction of a diversion channel.
This option will also be investigated.

Currently the outlet from Wular Lake is constrained by a coffer dam which was constructed as part
of a proposal to provide conservation storage within Wular Lake up to a certain level. However, as
this would furtherreduce its flood mitigation capacity, this project has been on hold pending the
outcome of the current study. It is also possible that the capacity of Wular Lake could be increased
by bunding but increasing the maximum flood level would worsen any baekwéects, so this

needs to be studied using the model, together with increasing the outlet capacity.

d) Downstream of Wular Lake

Downstream of Wular Lake ®alamabagdthe Jhelum River is known as the Outfall Channel (OFC).
Whilst this channel has a highgradient than that above Wular Lake, the capacity is still restrjcted
and the Interim Scheme included provision for a 40m widening of the OFC from the outlet from
Woular Lake (RD 168.11km) to the Lower Jhelum hydropower barrage (RD 173.5km).

Within this each, the Pohru Nallah enters the Jhelum on its right bank. The Pohru Nallah with a
catchment area of some 1850Kiis the largest tributary of the Jhelum River within Kashmir and it
produces a high sediment flow. Pohru River sediment, which is reagliliifidd as it contains many
seashells, extends along the Jhelum both upstream and downstream of the conflueneékior 3
each successive flood brings more sediment which foremnatriction in the river channel.

One possible solution, if a suitableesgan be found, is to construct a flood control storage within
the Pohru Nallah which would also act as a sediment trap preventing muthsadiment load
reaching the Outfall Channel.

These matters are further discusseddaction 3.4ereof.

Nonstructural measures which need to be considered inclingefollowing, particularly in relation
to Srinagarwhere severe encroachment along the river and uncontrolled development within the
floodplain has occurred

1 Development anénforcement of planning controls to exclude or severely restrict
development in flood prone areas;

1 Where development in floodplain areas is allowtxmspecify minimum floor heights of
buildings and where this is substantially above ground to requirdthieling to be
constructed on piles with no walls within the flood prone area to minimise the impact on
floodplain flow;
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9 Acquisition and demolition of the worst affected buildéwith adequate and appropriate
compensation to ownersg following demolitiontheseareas should be preserved as open
space such as parks;

1 Improvement of floodorecasting andvarning system by the installation of a SCADA based
system

1 Upgrading of the provision of flood warning system to improve the dissemination of
warnings to tle public (possibly by SMS) and of interpretation of flood warnings (possibly by
flood markers in streets)

1 Use of floodplain mappindgo be developed by the studyo increase community awareness
of flood issues and to enable meaningful interpretationlobél warnings;

1 Control of the ongoingand miningf the Jhelum main channel by a myriad of baatghilst
the sand minings of benefit overall, there will be areas which are ederdged which risks
undermining of river banks and bridge piersontrol by licencing, identification of areas in
whichsand minings not permitted and enforcement could be undertaken eithedbgkor
by a separate agency established for this purpase

1 Catchment management measuregrincipally reforestation to reduce theediment load
from the upper catchment over time.

Climate change impacts are also an important challenge, which we will take into account in the
hydrologic modelling on the basis of the research in this field, particularly that iecesepthe
Himalayan Region.

One important practical aspect of the adaptation to climate change, is that works planned now be
designed to be robust and resilient to the possible changes considered likely to take place to the end
of the current century. Roexample, there are indications that the frequency of very heavy rainfall
events will increase (or conversely, the probability of a given rainfall event occurring will increase)
To ensure resilience in this area, designs should go beyond the perchmegecto consider the
performance of the works in the case of a more extreme event, and that the works will survive
without major damage in such an event.
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3 Taskl Review Flood and River Management Options

The Preliminary Hydrology Report and Prelimynisiorphology Report required as part of Task 1 are
the subject ofSections 4and5 of this report respectively.

The remaining paragraphs in this section deal with the other components of Task 1.

3.1 Observations on th8eptember 2014 Flood
3.1.1 Physical

The Jhelum River floanf September 2014 was the highedtand upstream of Srinagaince records
began in 195%vith a peak flow at Sangam of some 3,25(B1{1,15,000 cusecsyhich is about
double the channel capacity at that point and almost doubleghavious maximum recorded of
1,850n%/s (65,000 cusecs) in October 1992.

The flooding was extensive as showirigure2 covering a total of about 900khincluding large
parts of the city of SrinagaThe flood resulted in many deaths, damage to buildings, loss of crops
and livestock and damage to infrastructure.
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Figure2 Flood Inundation Extent Beptembef014and Jhelum River Gauging Station Locations
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The flood resulted from very higlinfalls, particularly in the upstream catchment (southern
tributaries). Precipitation throughout the Jhelum basin in the first week of Septe@ietis shown
in Figure3 whilst Figure4 gives daily rainfalls for this period at Srinagar and other locations.
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Figure3 1-7 September Rainfall on Jhelum River Catchment (Source: Romshoo et al 2018)
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Figure4 Daily Rainfalfor 1-7 Septembe2014(Source: IMD)

Ray et al (2015) opine that the rainstorm was caused by large scale disturbed atmospheric
conditions as a consequence of the interaction between the westwaoging monsoon low and the
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eastward moving deep trough inéhmid-atitude westerlies, causing extremely heavy rainfall over
districts in the southwestern region of J&K.

Figureb shows flood hydrographs for Sangam and Asham for the September 2014 flood (these are

the only stations with suldlaily data). The flood volume was estimated from these data to be
approximately 1,700 MCM at Sangam and 1,000 MCM at Asham. The flow in the FSC would account

for about 200 MCM of the difference between these figures, so the overflow would have beeh abou

pnn al a® ¢tKSaS I NBE ONMzZRS FAIdzNBa a (KSe& R2yQi
500 MCM is likely to be an underestimate. Nonetheless this gives an indication of the flood overflow
volume and also of the storage volume which would bguieed to control the overflow upstream of

Srinagar.

September 2014 Flood Hydrograph
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Figure5 September 2014 Flood Hydrographs

Looking at the peak flows at the Jhelum River gauging stations in September 2014, compared to
other years, and to each other is ingttive. Table2 shows the peak flows from the Jhelum River
and major tributary gauging stations from the 2014 flood together with their ranking in the 62 year
flood record(extracted from the data supplied bFCK
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Table2 Selected Flow Statistics regarding 2014 Flood

Peak | Flood of Rank
River Location Reach flow 2014} record Year 2014
m’/s m’/s flood
Kandabal RD ~1.5km | UPStreamofLidder, Vishg g )\ g0) | 2014 | 1
& Rembriana Nallahs
Sangam RD 17.1km 3263 3263 2014 1
Awantipora RD 32.33 km . 1703 1844 1992 2
Sangam - Srinagar
Pampore RD 52.20 km 1796 1796 2014 1
Jhelum | Padshahi Bagh 66.93 kn 2299 2299 2014 1
Munshi Bagh 71.70 km Downstream of FSC 2055 2055 2014 1
Shadipora 96.98 km . 1321 1385 1992 2
Asham 106.10km Stinagar - WularLake — 20 1404 | 1996 4
Sopore 150.20 km Downstream of Wular Lal 921 1112 1996 6
Baramulla 167.00km 984 1525 1987 12
Lidder |Akura 744 744 2014 1
Lidder |Kirkadal 108 164 1975 2
Vishow |Arwani 866 866 2014 1
Rambiari [Wachi-Nayina 280 356 1976 3
Romshi |Pahoo 110 121 1975 2
Sindh Dodoaharma 311 434 1995 3
Sindh Narayan Bagh 253 546 1995 3
Bringi Dantar 506 506 2014 1
Sandran |Vwrinag 126 126 2014 1
Pohru Seuloo 239 808 1965 12

Table 2clearly shows the following:

1 There was a very significant inflow from the major southern tributaries Lidder Nallah and
Vishow Nallah in particular, which accountfed most of the difference in peak flow at
Sangam and that upstream at Khandbtiis is consistent with the rainfall distribution
(refer Figure3);

9 This high flow from the south of the catchment resulted in tlog in the Jhelum River
between Sangam and Srinagar being the highest recorded at 4 of the 5 gauging stations in
this reach (the exception being at Awantipora where the flow was 8% lower than that in
1992);

1 The flows in the major southern tributaries, $aan, Bringi, Vishow and Lidder all had
record floods in this event;

1 The rapid reduction in peak flow downstream of Sangfam 3,260nd/s (1,15,000 cusecs)
at Sangamto 1,700m3/s (60,100 cusecs) at Awantipora is consistent with the major
overflows into te floodplain in this reach;

3 This assumes that the peaks are coincident but as these are mean daily flows this is reasanahjsis of the timing of
the peaks based on hourly flows will be undertaken in Task 2, as will checking of flow data generally
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1 The increase in flow from Awantipora to Padshahi Bagh (2,380#81,200 cuseckis
probably due to inflows from Romshi Nallah and other minor left bank tributaries and direct
local inflows

1 The difference in flows between tke recorded at Munshi Bagh and Padshahi Bagh gives a
measure of the flow into the Flood Spill Channel, which, on this basis was only/&44m
(8,600 cusecs) confirming the reduction in capacity of the F&Gdat 50% from its original
500m¥s (17,500 cusesy;

1 Downstream of Srinagar and upstream of Wular Lake, the 2014 flood is no longer the flood
of record:
o at Shadipora it is the"2ranked flood being marginally lower than that in 1992; and
o at Asham it slips to the"dranked flood being lower than floodis 1996, 1995 and 1992;

1 Although the capacity of Wular Lake has reduced significantly over the years, it still has a
major peak attenuation effect, with the peak flow reducing from 1384n47,000 cusecs)
at Asham to 984m3/s (32,500 cusecs) at Sopore

1 The peak flow attenuation of Anchar Lake is considerably less, not only due to the relative
sizes of the two waterbodies but because at Anchar Lake only part of theflihve Sindh
Nallah passes through the waterbody, the rest flowing directly to the dh#liverg in the
2014 flood the peak flows upstream and downstream of Anchar Lake were®&d1(th,000
cusecs) and 253ffs (8,900 cusecs) respectively; and

1 Downstream of Wular Lake, the 2014 floslips further down the flood ranking being:
o The @ highestflood at Sopore; and
0 The 12" highest flood at Baramulla.;

1 The latter indicates the importance of floods in the Pohru Nallah, which is the largest of the
tributary catchments to flooding in the Jhelum River downstream of Wular Lake i.e. along
the OutfallChannel (OFC).

All of the above observations indicate that the worst of the flooding was upstifaand around
Srinagar resulting from the extreme rainfalls in the upper catchment. These flows are
unprecedented, at least within the 62 year period of nstowith the flow at Sangam being twice the
channel capacity.

It is clear that meaningful mitigation along the Sangam to Srinagar reach requires flood control
storage either within the upper tributaries or by controlled flooding of the floodplain. Hethce
will be one of the focuses of the flood mitigation component of the study.

Flood waters from Jhelum River breached embankments in manjylogzareas in Kashmir, including
the capital Srinagar and Tawi River in Jammu forcing peopieote to safer places. Heavy rainfall
had caused:

z

w CflFakK Ft22RAYy3 gAGK t20FftAT SR RFYF3IS | ONR&a (Fr

4 As his estimate is a relatively small difference between 2 larger numbers, any errors in the latter would be
accentuated in the difference, so this estimate may be of low accuracy.
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The statewide impacts areisymarised inTable3 (note these include Jammu as well as Kashmir).
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More detailed data for Kashmir will be collected in Task 2 of the Study.

Table3 Impact of Flood Data at a glance (Flo@)14)

S.no Issues Impacts

1 Population Affected: Communication, Accessibility, 10,136,063 out of which
Availability of Supplies, Agriculture, Livestock, Assg 8,186,273 indirectly affected and
Losses 1,949,790 directly affected

(tangible and intangible)

2 Direct loss of household assets, livelihood, 659,737
Psychosocial

3 Houses flooded 97,159+

4 Population shelter partially damaged 574,209+

5 Displaced by flooding and shelter damage 1,290,052+

6 Houses urinhabitable 121,124+

7 Direct loss of hosehold assets, livelihood, 659,737
Psychosocial

8 Population shelter fully damaged 715,841+

9 Deaths 280+

10 Persons injured/ sick 53,082+

11 Evacuated 226,000+

Source: Sphere India: J&K Flood Affected Districts Jammu and Kashmir State, ih8ep(@tber 2014)

Impacts due to Flood

Sphere Indig2014)preparedthe Joint Rapid Needs Assessment (JREA)Ng the assessment survey
team has covered 108 villages from the worst affected districts of Jammu and Kasbumiof 108
villages assessed/lthe team, water level was more than 3 feet in 62 villages amtleméered into

the houses in 87 villagesh& team reported that the 86% of the wardsgere affected and major
damages to shelter, water and sanitation facilities, crop/agriculture land dndation. However, the
information related to existing situation before flood impact is yet to be collected to assess the status

of impact.

Table4 summarises impacts on social security schemes

Table4 Impacts of Flood on Social Security Schemes

S.no Issues Percent
1 Stocks severely destroyed 82.3%
2 No private places to breastfeed children and in risk of 68.3 %

improper breastfeeding
3 Decrease of food consumption after floods in Kag 86%
4 Food consumption level decreased after the floods in 5 100%
districts.

Yl aKYAN
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5 Completely destroyed in the floods 139,413 kanals of land @
17,426 acres

6 Paddy to be one of the most important crops in 68 villag¢ 57%

7 Cost of food has increaségemendously 62.7%

8 Markets functioning in the village and markets running o{ 8.3% & 81.5 %

of stock

9 Loss of livestock 43% in Kashmir and 7%
in Jammu

10 | Availability of fodder adversely affected 74% in Kashmir and 559
in Jammu

Source: Sphere Inati J&K Flood Affected Districts Jammu and Kashmir State, In#i&ép8ember 2014)

From the above table it is quite evident that

T

Paddy and fruit crops had suffered huge losses; there were also reports of severe damage to
vegetable and maize crops, remd in reduction in yield or loss of crops. However, the
production of paddy, fruits crop and maize etc. in impacted spg#r to flood condition is

not available andvill need to be collected from concerned line department and during socio
economic surgy;,

It is likely that land will be unfit for agricultural productidor some time after the flood
However the time for the land to return to productivitpeedsto be confirmed

Potential loss of seeds and topls

Supply routes and transportation networkeere severely affected, which led to reduced
availability of food stocks, increased prices and reduced access of households to food.
Information related to rates of food items before flood condition is yet to be collected form
the concerned department

Access issues also hampered the ICDS services and PDS but information related to number of
impacted ICDS/PO@ntreis not available and to be collected

Floodingis likely to havehad a major impact on household level food stocks, with water
logging causingamage to dry rations, and flash floods washing away household assets. It
would be effective to understand the asset loss in Rupees

The poorest survive by buying and cooking food daily, maintaining limited storage of food
supplies. Considering the digtion to supply or distribution, the flooding caused immediate
shortages for these group$he numbers of BPL families in impacted area (distrise) are

not available at present and need to be collected form concerned line agencies and during
survey and

Many of the migrant workers, known as Biharis (irrespective of place of origin) were reported
to leave the state during the flooding. The shortage of laborers had resulted in nearly 30 to 50
per cent hike in the daily wages of skilled and unskilled ledsorwWhile skilled laborers had
hiked their daily wage rates from Rs. 400 to Rs. 600, the unskilled laborers increased it from
Rs. 330 per day to Rs. 420 per day. An estimated three lakh migrant laborers come to Kashmir
to every year to earn a livelihood
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Table5 summariseghe mainimpacts in relation to sanitation and water supply

Table5 Impacts of Flood on Water Sanitation & Hygiene

S.no Issues Percentage
1 | Water source damaged 53%
2 | Before the flood, villages with piped water as the 63%
primary source of water
3 | After the flood the availability of water was 13% of villages use wells, 29

ponds, 30% tubevells, and
12% other sources.

4 | Damaged sanitation facilities 85%

5 | Primarily practicing open defecation 59%

Source: Sphere India: J&K Flood Affected Districts Jammu and Kashmir State, th8ep(@tber 2014)

From the above table it is quite evident that:
1 Water sources were inundated and mostly contaminated

1 Water supply thraugh tubewells, pipe water, and open wells were adversely damaged in
almost all affected villages. Current source of water supply were ponds and open water bodies
and few tube wells.The amy supplied the drinking water in most of the affected villages

1 Toilet facilities had been damaged in all villages

1 There was a potential threat of diseases in all the villages due to no proper disposal or debris
and carcasses. The existing status on health conditions will be collected during public
consultation with vaious stakeholders and soegzonomic surveyand

1 Overflow of pit latrines and sanitation practices continuedottt communitiesat risk once
the water started receding. The information related to status of ground water before and after
flood condition isyet to be collected.

The main outcomegasthe survey findingsn relation to impacts on the health sector are shown in
Table6.
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Table6 Impacts of Flood on Healfector
S.no Issues Percenage
1 | Death of neonates before reaching to hospitals 20
2 | District Hospital overloaded From 10 delivery per day to 100
deliveries per day
3 | Status of GB Pant Hospital, the flood waters, damaged key equipment, especial

which stayed on for 10 days ventilators, radian warmers,
incubators and oxygen
concentrator. Disruption of
electricity led to failure of most
systems

Source: Sphere India: J&K Flood Affected Districts Jammu and Kashmir State, ihSep(@thber 2014)

From the above tablandother information in the surveyit is quite evident that:

T

Waterborne and vector borne diseases spread in most of the affected villages due to shortage
of safe drinking water and water logging

Significantmpact on access to Medical facilities and omigtion of facilities

Affected people were suffering from Injuries including lacerations, broken limbs, water
inhalation and ingestion

Overcrowding in displacement camps led to increased risk of transmission of communicable
diseases.The information redted to average person per camp against its capacity is yet not
available. This needs to be collected form the concerned department

As the flood was unprecedented and worst flooding experienced by the region in many
decades, the population was under at& of shock. Many were in need of psychosocial
support

In Srinagar, most hospitals were inundatedoctors were in urgently need for more
medicines and equipment to cater to patients, who were even being treated on floor because
of lack of enough bed®ata related to existing infrastructure facilities to hospitals, and clinics
is yet to be collectedand

Hospitals sustained major losses to machinery and diagnostics equipment as a result of the
water logging.

In respect of thempacts ofthe flood oneducatiorn

1

1

Many schools in the villages were partially or completely damaged and submerged in water.
After receding of water from most of the schools and the |IC&%res, there were reports of
silt deposition (a few schools reporting up200mmg¢ 150mmn);

None of the affected schools were functioginchildren had lost textbooks, there had been
damage to the buildings, furniture & fixtures and there was a foul smell in all the affected
areas

Sme ghools in the state had remained closked an extended pgod.
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The main outcomdindings from thesurveyin respect of shelter are given rable7.

Table7 Impact ofHood on Shelter:

S.no Issues Percentage

1 | Number of Household severely damalge Shopian: 1307 houses
Baramulla: 1755 residential
structures damaged
Many villages are still completely
submerged in water.

2 | Temporary Shelter Sambha (Jammu): fully damaged
627 houses and partially 2777

3 | Required shelter support Reasi, Poonch, Rajoard
Udhampur

Source: Sphere India: J&K Flood Affected Districts Jammu and Kashmir State, ihSiep(@thber 2014)

Other Impacts othe flood are summarised below:

9 Incidents of breakdown of law and order reported in Bandipora and Baramulla villages,

presence of norstate actosin some of the villages were seen
Forced return and relocation of communities in a few villages were repprted
Gender violenceruptedin some of the villages

Loss of legal documents reported in a few villages assessed in &ramd Bandipora

= =4 =4 =4

Displacement of vulnerable groups, wombkeaded households, elderly, persons with
disability, was reported

9 Loss of agricultural livelihood for womdémreaded households were seen in most of the
villages

1 Limited privacy for women and dtiien in relief campsand

1 Migrant groups were left vulnerableluringthe study assessment of type of vulnerability will
be assessed.
3.2  Historic Development of Flood Management in the Jhelum Valley

The flood history of the Kashmir Valley goes baclenmia and several rulers have undertaken flood
control programs ovemanycenturies.

The first major flood control works of recent times was the construction of the Flood Spill Channel
(FSC) in 1903, following the major flood of 1893. The FSC was desigaery about 500riis

(17,500 cusecshput its current capacity is only about 50% of the original due to sedimentatidn
construction of low level crossings.

Since that time a number of reports have been prepared including a range of suggestiodsigiclu

9 Purves (c 1915) reported in recommended:
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o Partial diversion from the Jhelum River at Gagazu into Anchar Lake returning to the
Jhelum River at Shadipora; and
o Diversion of the Pohru Nallah into Wular Lake.

1 Dasg1928) Divisional Engineer, Irrigatiomskmir(reported inCWPR&018) andJppal
(1955) suggested that:
o The capacity of the existing FB€increased t®23 n¥/s (22,000 cusecgnd
construction of subsidiary flood spill channel
The diversion of the Jhelum from Asham to Ningli
The dredging ad possible diversion of the Pohru Natlah
Increasing the height of the river bunds through Srinagar;
Controlling the spill from the Jhelum River upstream of Srinagar by controlled
openings in the bunds between Khanabal and Padshahi Bagh.

O O o o

9 Harris (c 1930eported inCWPR£018),Uppal (1955and Lone (198&uggested:

0 Strengthen the embankments though Srinagar and raise them by 1Li3m to
above the level of the 1928 floadgether with the provision of spillwaye
discharge up to 1,100%s (44,000 cuses) into the floodplain

0 Replace 5 old bridges in Srinagar with newer ones at higher level;

o Construction of aliversion channelith a capacity of 450/ (16,000 cusecs) by a
cut through the Dudhganga ridge upstream of Srinagar to Biunheamba]

o Constrution of a new outfall channel of capacity 34%s(12,000 cusecs) from
Batmallu Nambal to the Jhelum River;

o0 Constructing new bunds on the west and southwest sides of the Batmallu Nambal
with spillways to discharge up to 225 (8,000 cusecs) to Hokedaake

o Construction of a diversion channel with a capacity of 5881§20,000 cusecs) from
the Jhelum River at Gagazu into Anchar Lake returning to the Jhelum River at
Shadipora;

0 Reopening of Shadipora Nullah; and

0 Ceasing dredging of the Outfall Channel

1 Uppal (1955) noted that theperation of the FSC is limited by backwater influence from its
outfall at Parampura and that during the 1950 flood it carried little or no flow for 1.5 to 2
days;

1 Uppal (1955) considered a range of possible flood mitigationsomes including:
o AYONBFaAy3a GKS NAGSNDRa OFNNEBEAyYy3a O LI OAle
constructing an embankment parallel the river but set some distand#ack from it;
o Overflow weirs to discharge into the floodplain;
0 Upstream flood control storag and
0 Reforestation of the upper catchment.
9 After considering these alternatives, Uppal proposed the following in combination:
o Strengthening and realignment of bunds but no further raising;
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O OO O O o o o

Meander cutoffs;

Construction of a supplementary diversion chahfiom Dogripora to Wular Lake;
Diversion of the Ningli Nallah into Wular Lake;

Complete diversion or diversion of sediment from the Pohru Nallah into Wular Lake;
Stabilising rapids below Wular Lake;

Removal of a footbridge at Baramulla;

Removal of the Mgli plantation above Sopore; and

Dredging of the outfall channel.

9 TheCentral Water & Power Commission (now C\(¢@p53 recommended:

(0]
(0]
(0]
(0]

(0]

Enlargement and excavation of the existing FSC from Pad8hghio Wular Lake
Diversion of the NingNallah into he Haigum Jhegl

Removal of the bar in the OFC at the mouth of the Pphru

Construction of a supplementary channel from Marval at@kmdownstream of
Dogripora to Padshatidagh; and

The guestion of partial or full diversion of the Pohru into the Wulaelakinto the
OFC near Baramulla, to be examined further.

1 The Master Plan for Flood Control and Drainage in the Kashmir Y& recommended

that:
0]

(0]

o

O O oo

Two low lying areas on the left bank floodplain upstream of Padshahi Bagh be used
as detention basins;

Increase the capacity of the FSC to 5868n20,000 cusecs);

Reopen the Shadipora Nallah opposite to the mouth of the Sindh Nallah and connect
it to the FSC;

Divert the Doodh Ganga Nallah into the Narkura Nambal;

Widen and deepen the OFC from Wular LakEhadnyar

Divert the Pohru Nallah into Wular Lale1d

Divet the Ningli Nallah into thélaigham Jheel.

Few, if any, of these various recommendations have been implemented.

3.3  Currently Proposed Flood Control Measugé®e Interim Scheme

Following the2014 flood, thed FCKnhas developed an Interim Scheme to be implemented pending
the outcomes from the current study, the enable the Jhelum River to convey 130,000
cusecs) at Sangam through the system without significant flooding. A DetailedtFReport (DPR)
is currently being developedr the Interim Scheme.

CWPR£018) conducted hydraulic modelling studies déthterim Schemeising an unsteady flow
1-D HEERAS model. The main components of the current Jhelum River syetenodelledare
shown inFigure6.
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Figure6 Main Elements of Jhelum River (soucé/PR3018)

SKETCH NOT TO SCALE

The principal outcome of thEWPRStudy was theendorsemenif the interim scheme As noted
above, he interim scheme is not designed to convey the estimated design peak fl®#66hT/s
(1,15,000 osecsypased on the 2014 flood. Conveyance of the latter will require additional
measures which are the subject of the current consultancy.

The interim schem is, therefore, a starting point for the considerations of the current consultancy,
and it is assumed that construction of the proposed measures will be implemented.

Whilst there are some minor differences between various options to be resolved during the
development of the DPR, the interim scheme essentially comprises the following main components:

1 Extending the channel of the Flood Spill Channel (FSC) through the Hokesar Lake effectively
increasing the conveyance though the laksub options vary the wlth of this channel
between 30m and 80m; and

1 Increasing the width of the Outfall Channel (OFC) from Sopore Bridge (RD 150.25km) to RD
173.2km by an additional 40m along the thalweg line.

In addition to the works to be included in the interim sche@¥YPR&Iso recommended that
further consideration be given to:

9 Cessation of dredging of Jhelum River between Sangarmsimaim

9 Dedication of low lying areas on the left bank of the Jhelum River near the start of the Flood
Spill Channel to form detention basiok49kn? and 44kn3) ¢ uncontrolled development in
these areas will preclude their utility for flood retention in the future;

1 Reconstruction of four bridges (at RD 151.25, 167.5, 182 and 201.1km) which interfere with
flow flows;and
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1 Increasing the width oftte outflow fom Wular Lake

However, these additional measures are not part of the interim scheme

34 Review Flood Management Issues and Opportunities

As has been discussedSection 2.4bove, the principal challenge for this project is to develop a
flood risk management plan for the Jhelum River that can deal with a flow at Sangam equivalent to
that which occurred in September 2014, taking account of the fact that the current river capacity is
only about 50% of that flow, and that existing flood manageiworks which have developed over

the last 100 years, and the ongoing sediment inputs together with largely uncontrolled development
in the floodplain, have led to a very complex flood management situation.

Upstream of Wular Lake, and particularly upsimeof and through Srinagar, the lack of channel
capacity is the main issue. Whilst it would be possible to construct a further diversion channel
starting near Dogripora and continuing to Wular Lake, as showigime?, this channel would be
some80km in length and would beery expensive.
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Figure7 Possible Route of Diversion Channel from Dogripora to Wular Lake ($6Gike:

An alternative strategy would be to reduce peak flows inrilier by the introduction of flood

control storage in the southern tributaries. If sufficient flood control storage sites can be found and
construction at those sites is feasible, it may be possible to reduce the peak flows to a sufficient
extent that they are within the capacity of the Jhelum River. In the event that there are insufficient
suitable sites, due to the steep gradients of the tributaries, a larger number of relatively small
storages in cascade may be appropriate.

This alternative would ab be very costly, but also has the benefit that the storages could be
designed to trap sediment, in a way in whichithepacity could be relatively easily maintained by
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the regular excavation of trapped sedimerivery effort will be madduring the fasibility study
phase to identify and evaluate potential flood storage sites.

This alternative would also be very costly, but also has the benefit that the storages could be
designed to trap sediment, in a way in which their capacity could be relatiasily enaintained by

the regular excavation of trapped sediment. Every effort will be made during the feasibility study
phase to identify and evaluate potential flood storage sites.

Off-channel floodplain storage along the Sanga®ogripora reach will atsbe considered and its
comparative advantages/ disadvantages compared to upstream tributary storage will be evaluated.
The economics of such storage will be compared with that of the Dogripora to Wular Lake channel.

The possibility of storage on the ttitaries which flow directly into the FSC should also be
considered but it is likely that these will be few opportunities for this as discussed above in relation
to the southern tributaries. Enhancing the use of Dal Lake for flood storage will be codsidere
although this is unlikely to be major contributor to flood management.

The potential of the detention basimecommended byCWPR&018)will also be considered,
although it is noted that unapproved developments in these areas has reduced their aitgifabil
this purpose.Land acquisition issues will need to be addressed as part of this evaluation.

Opportunities for increasing the capacity and storage along the FSC together with the possibility of
storage on tributaries feeding directly into the FSIC also be consideredThe possible construction
of a new, considerably shorter outfall channel from the FSC to Wular Lake will also be investigated.

Enhancing the flood control role of Anchar Lakk also be investigated: this could involve diverting

a larger proportion of flow from the Sindh Nallah into Anchar Lake; and revisiting the suggestion
(from Purves 1915) of partial diversion from the Jhelum River at Gagazu into Anchar Lake returning
to the Jhelum River at Shadipora

It is apparent from arial photography that the volume of Wular Lake has reduced substantially over
time as a result of sediment inflow. The bathymetric survey to be undertaken during the study will
establish its current volume, and the utility of increasing this volume g lacale dredging will be
evaluated with the hydrodynamic model. Dredging of Wular Lake may invoke an issue with the
Indus Water Treaty regarding Jhelum River storage: the safe approach would be to limit the dredged
capacity to that existing at the tinthe Treaty was passed (1960).

Currently the outlet from Wular Lake is constrained by a coffer dam which was constructed as part
of a proposal to provide conservation storage within Wular Lake up to a certain level. However, as
this would further reduce # flood mitigation capacity, this project has been on hold pending the
outcome of the current study. It is also possible that the capacity of Wular Lake could be increased
by bunding but increasing the maximum flood level would worsen any backwatergféecthis

needs to be studied using the model, together with increasing the outlet capakigin, this would

need to be limited by the bounds of the Indus Water Treaty.

Downstream of Wular Lake to Salamabad, the Jhelum River is known as the OutfaklGod-C).
Whilst this channel has a higher gradient than that above Wular Lake, the capacity is still restricted,
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and the Interim Scheme included provision for a 40m widening of the OFC from the outlet from
Woular Lake (RD 168.11km) to the Lower Jhelyardpower barrage (RD 173.5knhe potential
for further work on this reach may be limited but will be investigated.

Within this reach, the Pohru Nallah enters the Jhelum on its right bank. The Pohru Nallah with a
catchment area of some 1850Krs the hrgest tributary of the Jhelum River within Kashmir and it
produces a high sediment flow. Pohru River sediment, which is readily identified as it contains many
seashells, extends along the Jhelum both upstream and downstream of the conflueneékior. 3

each successive flood brings more sediment which forms a constriction in the river channel.

Consideration will be given to the constructionfloiod control storage within the Pohru Nallah
which would also act as a sediment trap preventing much of itsysattiload reaching the Outfall
Channel.This is, of course, dependant on being able to locate a suitable site or sites. This will
certainly be investigated.

Section 2.4lso lists a number of opportunities in terms of mstnuctural measures which need t
be addressed These are repeated here for ease of reference:

1 Development and enforcement of planning controls to exclude or severely restrict
development in flood prone areas;

1 Where development in floodplain areas is allowed, to specify minimum Heights of
buildings and where this is substantially above ground to require the building to be
constructed on piles with no walls within the flood prone area to minimise the impact on
floodplain flow;

9 Acquisition and demolition of the worst affected hlings with adequate and appropriate
compensation to ownerg following demolition these areas should be preserved as open
space such as parks;

1 Improvement of flood forecasting and warning system by the installation of a SCADA based
system;

1 Upgrading of tie provision of flood warning system to improve the dissemination of
warnings to the public (possibly by SMS) and of interpretation of flood warnings (possibly by
flood markers in streets);

1 Use of floodplain mapping, to be developed by the study, to inereasnmunity awareness
of flood issues and to enable meaningful interpretation of flood warnings;

91 Control of the ongoingand miningf the Jhelum main channel by a myriad of baatshilst
the sand minings of benefit overall, there will be areas whicle averdredged which risks
undermining of river banks and bridge piersontrol by licencing, identification of areas in
whichsand minings not permitted and enforcement could be undertaken eithedBgkor
by a separate agency established for thisgmse.; and

1 Catchment management measuregrincipally reforestation to reduce the sediment load
from the upper catchment over timgsee also Section 3.7 hereof)
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Figure8 showsthe locations of a number of pagde sites for flood control storage together with the
additional diversion channels which have been suggested.
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Figure8 Possibld-loodControl Storage Sites and Diversion Channels

35 Selection of Mathematical Models

We propog that the following mathematical models be used for the hydrologic and hydrodynamic
modelling:

1 Hydrologic modet HEGHMS(current version 4.2.1)and
1 Hydrodynamic modef HECRASurrentversion 50.5).

These are both liceneleee, public domain modeldeveloped by the Hydrologic Engineering Center
(HEC) of the US Army Corps of Engineers. The models are well respected and have both been widely
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used successfully across a wide range of environments. The relevant members of the Study Team
have used thesenodels and are fully familiar with their use.

HEGHMS (Hydrologic modelling syste(MEC 2014 is designed to simulate the precipitation

runoff processes of dendritic catchments and to be applicable in a wide range of geographic areas
and a range of hydtogic issues. For example, it includes a detailed snowmelt component which is
useful for the current study.

Outputs from the model will provide input hydrographs for the flood hydrodynamic model.

Hydrologic models are a numerical representation of thecpeses in the hydrological cycle thatseek
to replicate these natural processes as far as is practicable. In simple terms, the model processes
the input data (precipitation) and estimates the outputs, in this case in the form of streamflow
hydrographs.

HECRAS (River Analysis System) (HEC 2@J6nas originally developed as @lonly

hydrodynamic model and became an industry standard model. Version 5.0, first issued in 2015,
introduced 2D modelling to the software for the first time. Since thateinthe 2D version has

become widely used. Not only is it public domain software, it has significant advantages over other,
commercially available software, in that it is possible to incorporate several ofitsléments, such

as modelling of bridgesnd it also has complete hydraulic description of each grid element
compared to most models which have only a single level for each grid element. This latter feature
enables larger grid sizes to be used reducing computation time whilst maintaining acctihecy

model also includes daimreak modelling which is an extra to many commercial programs.

Likecomparable commercial programs the model can be used as a gidrarddel, pure D model
or a combination of both. For example, the main river can be nhedi@h D and the floodplain in
2-D.

In addition to its use for the main hydrodynamic modelling for flood management, the model can
also be used for flood forecasting although-B Inodel is usually preferable for food forecasting due
to the computationtime required for the 2D model.

Both of these models are recommended for use in the Jhelum River study. Further discussion of the
models capabilities and data requirements are give8eation6.2 hereof.

36 Compliance with Indus Water Treaty

As the Jelum River is a tributary of the Indus River, any development of water resources for
conservation or flood control within the catchment is subject to compliance with the Indus Water
Treaty (MEA 1960).

In summary terms, in relation to the Jhelum River, lilméus water Treaty contains the following
provisions:

T 2FGSNJ dzZA&SR F2N) Ff 22 R -@2WaAINRLII MAS INBdEE NRISNRR @ &R A
returned to the same river or its tributaries undiminished in volume;
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Annexure €Agricultural Use by India fno the Western Rivers restricts conservation storage
in the Jhelum River system to 0.2 MAF (247AYim

Annexure E India may construct on the Jhelum Main such works as it may consider
necessary for flood control of the Jhelum Main provided that:

0 Any storagavhich may beffected by such works shall be confined to-cfffannel
storage in side valleys, depressions or lakes and will not involve any storage in the
Jhelum Main itself;

0 Except for the part held in lakes, borrepits or natural depressions, the state
waters shall be released as quickly as possible after the flood recedes and returned
to the Jhelum Main lower;

Annexure E The design of any storage work shall conform to the following:
1 With respect to the flood storage provision above, the design efutiarks on the
Jhelum Main shall be such that no water can spill from the Jhelum Maithetoff
channel storage except when the water level in the Jhelum Main rises above the low
flood stage.

The main points relevant to any recommendations to be madghisyStudy are:

3.7

T

Any additional flood storage shall not be on the Jhelum Main stream which includes Wular
Lake;

Any proposal for dredging of Wular Lake, or building of embankments to increase
conservation storage could be in contravention of the Treatystoration to is capacity as

of the date of the Treaty would be expected to be acceptable;

Additional storage for flood control only does not contribute to the allowable conservation
storage for agricultural use of 0.2 MAF (247Rinbut any conservationt@rage component
included in a multpurpose project would be included;

It is not clear if the storage within Wular Lake, Anchar Lake, Dal Lake, Mansbal Lake and
Nowgham Zeel are considered to be conservation storage for agricultural use under these
provisonsc if this were so their volumes would contribute to the allowable 0.2 MAF
(247MnB);

Offtakes for offchannel storage on the Jhelum main stream should be almwédlood stage
which needs to be defined at any prospective offtake location.

CatchmenManagement

The REFORM project of the European Union has developed a framework for river restoration
projects designed to improve their success and sustainability. This includes the development of
procedures to monitor the biological response of changegeomorphology and in restoration
interventions to provide sustainable, ecologically effective management within the-sooimomic
setting. This framework is illustrated dyigure9.
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Figure9 REFORM Process for River Restoration

The specific objectives of REFORM are:

To select WFD compliant hydromorphological and biological indicators for cost effective monitoring that
characterise the consequences of physical degradation and regiora rivers and their services.

To evaluate and improve practical tools and guidelines for the design restoration and mitigation measures.
To review existing data and information on hydromorphological river degradation and restoration.

To develop a prossbased, multiscaled hydromorphological framework on European rivers and floodplains and
connected groundwaters.

9 To understand how hydromorphological pressures interact with other pressures that may constrain successful
restoration.

I To assess the sigmifince of scaling effects on the effectiveness of different adaptation, mitigation and restoration
measures to improve ecological status or potential of rivers, floodplains and connected groundwaters.

1 To develop instruments to analyse risk and assess hsmdfsuccessful river restoration, including resilience to
climate change and relations to other socioeconomic activities.

I Toincrease awareness and appreciation for the need, potential and benefits of river restoration.

= = =] =

There are river restoration centseor agencies in EU, USA, UK, Australia, Russia and a number of
other countries and a number of publications regarding this topic, including the UNESCO report
(Speed et al 2016)Little work appears to have been done in India in this regard, although ther
realisation that such work needs to be done.
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In the context of the Jhelum River, this relates principally to catchment management initiatives to
reduce sediment generation and transport into the Jhelum. This issue will be adtiresse fully

in Tesk 4. It is anticipated that this will relate principally to reforestation but may also include
recommending changes to farming practices.

4  Preliminary Hydrology Report

4.1 Study Area

From a hydrology perspective, the study ammmprises the whole of #nJhelum River catchment
downstream to the InigPakistan border.The Khadanyar gorge divides the catchment into two

areas: the upper segment which is the subject of the current study, drains the whole of the Kashmir
Valley and comprises a catchment aréaome12,750kn?

The Jhelum River catchment is bounded by high mountains all ardbad3reat Himalayas on the
east, rising to 5,300m; and the Parjal Range on the west rising to 5,000m. Erosion from these
catchments has resulted in the formationaf¥ery flat valley floor form by deposition of the eroded
material, such that the Jhelum River has an average grade of only 1 in 10,000. Hence, there is a
major contrast between the upper catchments of the and the Jhelum River Valley which is at an
elevaion ranging fromabout1,400m tol,650m.

There are a number of glaciers and glacial lakes at the higher altitudeforests are dominant
between about 1,650m and 3,500m. Due to the flat gradient of the valley floor, there are a number
of lakes and wetlads the largest of which Wular Lake provides significant attenuation of flood flows.
Wular Lake, Anchar Lake and other wetlands are major refuges for migrating water birds, (some of
which are RAMSAR sites).

The Kashmir Valley which contains the Kashrapital Srinagar as well as a number of other towns
and villages, is the economic heart of Kashmir. Srinagar is an ancient cignkiétbanks of the
Jhelum River and whilst the old city is on higher ground, much of the modern city is within the
JhelumRiver Floodplain. The natural river banks have been raised at various times and are now of
such a height that if overtopped, or breachetliring floodextensive flooding occurs.

Precipitation generally increases with altitude and depending on the seasmnfall as snow on the
upper slopes. Whilst the catchment is sufficiently far north to miss most of the rainfall from the
southwest monsoon, this does sometimes cause high rainfall in this region. The other major
weather system is the westerly disturbas a midlatitude system which can bring rain systems

from the west. The 2014 flood was the result of an unusual combination of both systems (Ray et al
2015).

Figure10showsthe catchment boundary and that of éhmajor subcatchments, andrigurell
shows a contour map of the catchmefabntours derived from ALOS DEM).
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4.2 Climate of the Study Area

The Kppenclimate classification for the Jhelum basitisnid suktropical (Cfa). Humid subtropical
climates have a warm and wet flow from the tropics that creates warm and moist conditions in the
summer months.Figurel2 shows monthly meaprecipitationand temperature for Srinagait can

be seen fronfFigurel2that the bulk of the precipitation occurs in winter and spring, when
precipitation may fall as snow on the higlggound. There is a secondary, but smaller rainfall peak
in late summer associated with the southwest monsoon.

" F °“C Altitude: 1585m Climate: Cfa *“C: 13.6 mm: 693 mm
140 60 4 F 120

12z s0 { b 100
b so
86 30 [ 6o
68 20 1

L a0

r 20

32 o0

Figurel2 Monthly MeanPrecipitationand Temperature for Srinagar (Source: IMD)

4.3 Precipitation Data and Analysis

The analysis if popitation dataduring Task 1 has been limited as a result of the data acquisition
procedure of IMD which requires official requests and payment for data. It has not been possible to
obtain the long period data required for analysisilittiis data request has been finalised.

Figurel3shows the location of rain and snow gauges in the Jhelum River catchment.

4.3.1 Precipitation Data

Until the long term data are obtaingdom IMD, the analysis haseen based on the following:

1 Monthly rainfalls at Srinagar, Qazigund, Pahalgam and Kokernag for the period 1980 to 2017
provided by the Srinagar office of IM&nd

91 Daily rainfall at Srinagar, Anantnag and Baramullzheperiod 19011970 from the KNLI
dimate Explorer website
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Daily Rainfalls

4.3.2

Daily rainfall for Srinagar, Anantnag and Baramulla over the period 1901 to 1970 are shégurén
14. These show maximumdhay rainfalls of 148mm at Srinagar (in 1930), 149mm at Anantnag (in

1928) and 148mm at Baramulla (in 1930).
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Figurel4 Daily Rainfalls 1961970

41



epi;sa

Consultancy Services for preparing feasibility and detailed projembdapdityédiofh and
comprehensive river management measures for Jhelum basin
Part A Task 1 Report

Figurel5shows mass curves of these rainfall records: the mass curve is a graph of cumulative
rainfall over time and should present as approximately straight apart from perturbances from very
dry and very wet periods. Nestraightness or change 8lope of the graph indicates time variance

or trend in the data. It can be seen frdfigurel5 that whilst the graphs for Srinagar and Baramulla
rainfalls are essentially straight, that for Anantnag shows a gignifdecrease in slope around 1914
and around 1942. This change could be ral#though itis more likely to be due to changes in
equipment, observer practice or exposure. For example, gradual change could suggest that trees
growing near the gauge hawhielded the gauge leading it to undescord, and that the under
recording hasvorsened as the trees have grown. Also, as this trend is not apparent in the other
data, it is unlikely to be real. Whatever the reason, these-tenign records for Anantnagre not

reliable.
Rainfall Mass Curves
70000
—— Srinagar
60000 —— Anantnag
——Baramulla
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Figurel5 Rainfall Mass Curves

4.3.3 Rainfall Frequency Analysis

Frequency analysis was carried out for thdaly and 5day annual maxima for the long term records
for Srinagar, Anantnag and Baramulla. AsltbhgPearson Type @P3) distribution was used for the
streamflow analysisSection 4.4.3efers), this was also adopted for the rainfall frequency analysis.

The Xday and Bday frequency curves for these rainfalls are giveRigures 160 18.
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Figurel8 Frequency Curves forday and 5day Annual Maximum RainfajiBaramulla

Table8 summarises the outcome of the rainfall frequency analysis and also shows the approximate
probability of the 5day rainfalls for 2014 ahe various locations from the fitted distribution. On

this basis, the 2014 event was about 6.6% AEP (15 year ARI) at Srinagar, 1.25% AEP (80 year ARI) at
Baramulla and 0.14% (700 year ARI) at Anantdagdiscussed iection 4.3.2the Anantnag daily

rainfall data are unreliable, but even so this points t@ee rainfall total around Anantnag.

Table8 Summary of day and 2day rainfall frequencies

Annual Average Srinagar Anantnag Baramulla
Exceedance| Recurrence| 1 day 5 day 1 day 5 day 1 day 5 day
Probability | Interval (ARI) max max max max max max

(AEP) Years (mm) (mm) (mm) (mm) (mm) (mm)
0.1 1000 159 | 291 | 197 317 197 | 327
0.2 500 145 | 264 | 184 297 184 | 308
0.5 200 128 | 231 [ 166 270 166 | 281

1 100 116 | 207 | 152 249 152 | 261
2 50 105 184 138 226 138 240
4 25 93 | 162 | 123 202 123 | 217
5 20 89 | 55 | 118 194 118 | 210
10 10 78 134 102 168 102 186

2014 148 309 256

15yr 700 yr 80yr
6.60% 0.14% 1.25%
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4.4  Streamflow Data and Analysis

IFCK has a well establed network of river level and discharge measurement gauges on the Jhelum
River and its tributaries, as shownRigurel9.

IFCK has provided the following streamflow data

1 Annual maximum discharge and stage dataJhelum River main stream stations at
Khanbal, Sangam, Awantipora, Pampore, Padshahi Bagh, Munshi Bagh, Shadipora, Asham,
Sopore and Baramulla for the period 198617,
1 Annual maximum discharge and stage data for the following Jhelum River tributstijes,
Aripath, (2 stations) Aroo, Bringi (2), Dachigam (2), Dakil, Dangawari, Doodganga (2), Erin,
Ferezpora (3), Gogaldara, Hamal (2), Kamil, Liddar (6),Lolab (2), Madhumati, Ningli, Pohru
(3), Rambi Ara, Romshi Tail, Sandran (2), Shali, Sheshiadgy(3%irSukhnag (4), Tailbag,
Taller, Vethvethroo (2), Vij, Vishow and Watalara Nallahs for the period2@54,
Daily stage level at Sangam, Ram Munshi Bagh and Asham220@3
Daily water level at Wular Lake outlet 202007
Rating curves for Jhelunivigr sites Sangam, Munshi Bagh, Asham and Sopore;
Bridge crossections: and
Map showing locations of gauging sites, bridges and river distances.

=A =4 =4 -4 =4

This preliminary report is based on analysis of the above data only. Long term daily flow data are
required Pr further analysis, such as trend analysis and data consistency analysis and these will be
conducted during Tasks 3 and 4Rart Aif such data are available.

Although stagedischarge rating curves havedyeprovided, these have not yet been reviewes a

the individual gauging records have not yet been made available. We understand that until 2015
gaugings were made by float measurement, and that since 2015 wheadwuwstic doppler current
profilers(ACDPs) this new equipment has bene used at two sitgs Float measurements of
discharge require adjustment from surface velocity to average velocity and knowledge of the
channel crossection. As the latter has been measured infrequently, detailed review of the flow
estimation needs to be made to estégh the reliability of the discharge calculations. This will be
done as part of Task 2.

As the dailyecords have been provided in stage form only, there has not been time in Task 1 to
convert these into discharge records, and hence to conduct any fétnermd and consistency
analysis. This will be undertaken as part of Task 2.
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As stated irSection 4.4.1daily data have been praléd only in terms of mean daily stage, and
conversion of these records to flows will be undertaken in Task 2 once theditagg@rge
relationships have been reviewed.

Figure20 shows daily stage from January 2@068uly 2018 at Sangam, Munshi Bagh and AsHam.

can be seen fronrigure20that the minimum stage at Sangam reduced significantly between 2009
and 2014, and then more slowly since 2014. At Munshi Bagh, therbden a slight increase in
minimum level over this period and none at Asham. This indicates that the river bed at Sangam was
being eroded quite rapidly over 20814, at an average rate of approximately 1m per annum, and
about 0.25m per annum since 2014

This could be a result of the sand mining which occurs along the river, but this high rate suggests
that this may be due to a head cut moving upstream, which could have been initiated by the sand
mining further downstream. The reduction in erosion rabece 2014 could be due to the head cut
having passed upstream of Sangam, or the result of the large sediment inflow during the 2014 flood,
or a combination of the two.

The preliminary analysis has concentrated on flood feggpy analysis (FFA) of the annual maximum
series of daily flows for the Jhelum River and major tributaries, which is important in developing the
relative contributions of the major tributaries to flood flows, in a statistical sense.

It should be noted thathis analysis is based on peak daily flows and not peak instantaneous flows
which will be higher, particularly in the tributaries.

a) Jhelum River

Annual maximum series were extracted from the spreadsheets provided by IFCK for Jhelum River
stations. Theseecords are generally for the period 1956 to 2017, a total of 62 years. These are
shown inFigure21 and Figure22 for locations upstream and downstream of Srinagar respebt.

There is clear difference in the annual maximum series of the Jhelum River flow measurement
stations upstream of Srinagar and those downstream: upstream of Srinagar the 2014 flood is the
highest on record (with the exception of Awantipora where 11892 flood was higher); but
downstream of Srinagar, this is not the case; and downstream of Wular Lake, there are several
floods larger than that of 2014. As notedSactions 2.4and 3.4, this demonstrates that the major
problem is upstream of Srinagar.

47



epf;sa

Consultancy Services for preparing feasibility and detailed project report for flood mitigation an
comprehensive river management measures for Jnelum bas

A4
Daily Stage 2008-2018
35
30
25
20
E
% 15
" 10
5 L
0
1-1an-08 1-lan-09 1-1an-10 1-Jan-11 1-1an-12 1-1an-13 1-Jan-14 1-1an-15 14an-16 1-lap-17 1-Jan-18
5
Sangam
Daily Stage 2008-2018 - Munshi Bagh
35
30
25
£ 20
&
& 1s L N | l
. 1 (h | | | H
| N |
Ml ) A [ WY
U \ I m LJ"'L Ll.f A Ay
0
1-lan-08 1-lan-05 1-Jan-10 1-Jan-11 1-Jan-12 1-Jan-13 1-Jan-14 1-Jan-15 1-lan-16 1-Jan-17 1-Jan-18
Munshi Bagh
Daily Stage 2008-2018 - Asham
35
30
25
£ 20
P
& 15
10
: fud
\
0
1-Jan-08 1-lan-02 1-1an-10 1-an-11 1an-12 1-1an-13 1-Jan-14 1-an-15 1-Jan-16 1-Jan-17 1-Jan-18
Asham

Figure20 Daily Stage 2002018¢ Jrelum River at Selected Gauging Stations

48



epf;sa

Consultancy Services for preparing feasibility and detailed project report for flood mitigation an

comprehensive river management measures for Jnelum bas

Khanabal RD 14.98 km

1000

EEEEE:

M~

S/ELU MO|J WNUWIXe}A LLIENUUY

Sangam RD 17.11 km

3500

o

8

]
8
m o~

S/ELU MOJJ WNWIXe| Wenuuy

2500
1500
000
500
o]

Awantipora RD 32.33 km

Padshahi Bagh 66.93 km

2000

o

g

Q
Q
o0
Lol Lol

1600
1200

35588°

S/ELU MO|4 WINLUIXe|A Wenuuy

910¢
$107
41114
010¢
800¢
900¢
$00Z
{14
000¢
866T
9667
66T
667
066T
8867
9861
861
86T
0867
86T
9467
bL6T
45
0461
89T
99T
¥96T
[£3)!
09T
8561
95671

== 9107
y10C
7107
()07
== 8007
—
9007
== (7
—
= (07
=
= (007
-

= 861

2500

1500
1000
500
o}

Q
:

S/EW MOJ4 WNWIXE WENUUY

Figure21 Annual Maximum Series of Daily Flow&elum River upstream 8finagar

49



epf;sa

Consultancy Services for preparing feasibility and detailed project report for flood mitigation an

comprehensive river management measures for Jnelum bas

Shadipora 96.98 km

1600

o]

g

~
S/ELU MO|J WNUWIXe}A LLIENUUY

1200

18888°

Asham 106.10km

Sopore 150.20 km

9L61

= (/6]

LE

— (061

0961
8561

— 06T

1800

o]

g

~
S/EW MO|4 WNLWIXE Wenuuy

1200

EEEE

o

1200

§/€LU MO|4 LUNW|Xe|A] Lenuuy

Baramulla 167.00km

1800

1600
40

S/€LU MO|4 WNLUIXe|A Wenuuy

Figure22 Annual Maximum Series of Daily Flowfelum River downstream of Srinagar

50



epf;sa

Consultancy Services for preparing feasibility and detailed project report for flood mitigation an
comprehensive river management measures for Jnelum bas

Flood frequency analysis was carried out on these seRa&gire23 shows the outcome of anL
moment (linear moments) analysis (skong & Wallis 2005). This is a relatively new statistical
technique which provides improved distribution fitting and also indicates the most appropriate
distribution for analysis. TheNMoment diagram (iskewness vs-kurtosis) for the Jhelum River
gaugng stations is given iRigure23.
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Figure23L-Moment Diagram

Although there is considerable scatter, most of these points are clustered around the PE3 line
indicating that theLogPeason Type 8LP3) distribution is expected to give the best fit.

Individual flood frequency curves for the Jhelum River gauging stations are giiguiie24 and
Figure25.
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Again, therds acleardistinctionin the frequency curves for gauging stations upstream and
downstream of Srinagar. The curves for locations upstream of Srinagar show a positive or near zero
skewness which is shown in the frequency curves (iptobability space) as being roave

upwards or straight respectivelyindicating that there is no upper bound. In contrast, the curves

for locations downstream all have strongly negative skewness, showing as being convex upwards,
indicating that the distribution has an upper bound.

Figure24 and Figure25 also show the 5% and 95% confidence limits of the fitted distribution, (90%
chance that the true value lines between these lines). With the excepfidwantipora, the 2014
valuefor the locations upstream of Srinagés within but close to the upper confidence line
indicating it is unusually high.

Table9 summarises the fitted probability relationshipsrfthe Jhelum River gauging stations

Table9 Estimated Flood Probabilitiedhelum River

Annual E.>.<ceedanc Average Maximum 1 day flow (s)

Probability (AEP)| Recurrence
v Interval (ARI) Khanabal|Samgam Awantipora Radtsastil BMuNEh Shadiporg Asham |Sopore |Baramulla

Years Bagh Bagh

0.1 1000 2,191 5,273 5,195 3,607 2,170 1,964 1,967 1,519 1,847
0.2 500 1,633 4,525 4,180 3,139 2,049 1,824 1,875 1,441 |
0.5 200 1,092 | 3,634 | 3,097 2573 | 1,876 | 1633 | 1741 | 1331
1 100 795 | 3,030 2,438 2,183 1,734 | 1484 | 1,629 1,244 [
2 50 570 2,481 1,894 1,823 1,581 1,330 1,505 1,151 1,450
4 25 400 | 1,984 1,446 1,490 1414 | 1171 | 1,367 1,063 1331
5 20 356 | 1,835 1,319 1,389 1,357 | 1,119 | 1,320 1,019 [1289
10 10 241 1,401 973 1,090 1,169 950 1,159 908 1,149

Tablel10shows the probability of the 2014 flood at the various locations from the fitted digtion.
Apart from Awantipora and Munshi Bagh, which appear to give an anomalous value, this table
clearly shows the reducing probability of the 2014 flood in a downstream direction.

Tablel0 Indicated Probability of 2014 Flogdhelum River

Location Peak flow Estimated Average Estimated Annual
(m3fs) Recurrence Interval Exceedance
(ARI) (Years) Probability (AEP) %

Khanabal 944 137 0.8
Sangam 3263 125 0.73
Awantipora 1703 37 2.7
Padshahi Bagh 2299 120 0.83
Munshi Bagh 2055 500 0.2
Shadipora 1321 48 2.08
Asham 1348 23 2.35
Sopore 921 10 10
Baramulla 984 5 20

On all of the above measures, it is clear that the flood was a rare, but not extreme, event in the
Jhelum River upstream of Srinagar, but an increasing frequert flother downstream.
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b) Tributaries

A similar flood frequency analysis was undertaken for the annual maxima series of the major

tributaries. The resulting flood frequency curves are given in
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Figure26 and
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Tablell.
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Figure26 Flood Frequency Curves for Major Tributaries
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Figure27 Hood Frequency Curves for Major Tributarzs
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Tablell Summary of Flood Frequency Curves for Major Tributaries

Annual Exceedand Average Maximum 1 day flow (rﬁ/s)
Probability (AEP)| Recurrence . i Vishow . i

% Interval (ARI) Bringi at | Lidder at] Sandr.an at - Ramb!arl Arapat at| Sindh at| Pohru at
N Dantar | Khanbal| Muniwar Arwani at Nayina| Dantar Preng | Seuloo

0.1 1000 2,025 1,831 1,831 803

0.2 500 1,328 1,244 1,244 762

0.5 200 750 734 734 699

1 100 480 484 484 644

2 50 303 313 313 582

4 25 188 198 198 511

5 20 160 170 170 486

10 10 95 102 102 403

2014 506 866 356 239

ARI Years 106 70 60 3
AEP % 0.90% | 0.50% 0.10% 1.40% | 1.70% | 2.00% | 0.80% 32%

Tablell also shows the estimated probability of the September 2014 pleakih the major

tributaries. In terms of actual flows the largest flows e/&om the Lidder Nallah and Vishow

Nallah, but in terms of probabilities, the most extreme was the Sandran Nallah in which the flow was
approaching the 0.1% (1,000 year) eveihe Lidder, Bringi and Sindh Nallahs all had flows in excess
of the 1% AEP (100 year ARI) with the Lidder being at 0.5% (200 year ARI).

These results are consistent with those from the rainfall frequency analysihearicequency
analysis for the Jhelumivrr flows, all of which indicate that the most extreme events occurred in
the southern tributaries all of which feed into the Jhelum in its upstream reaches around Sangam.
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5 Preliminary Morphology Report

The 1:25,000 scale preliminary morphology maptheflhelum river floodplain have been prepared
at A2 size (40 sheets) and have been printed separateiphsne 20f this report.

5.1 Spatial Geomorphologic and Geologic Data

The Jhelum River lies within the Kashmir Valley; which consists of a langevalfey between the

Great Himalayan and Pir Panjal Mountain Ranges and was a former lake in previous geologic times.
The Valley geomorphology consists of a deep, wide alluvial valley, confined by mountain Ranges on all
sides, with a single outlet througd rift in the mountain range bordering the northest end of the
Kashmir Valley; where the Jhelum River exits the Kashmir Valley. The upper catchment areas in the
south-eastern, eastern and nortbhastern portions of the Kashmir Valley are characterizgedtbep

slopes with highly erodible features in some stdichment areas. The western and nowiestern
portions of the Kashmir Valley have more gradual slopes in the upper catchment areas, although are
still highly erodible in some sutatchment areas.The geomorphologic and geologic features of the
Kashmir Valley are described in more detail in the next sectiBitgire28 and 29 shows the surface
geology of the Kashmir Valley, as well as a geologic-sextisn through the Great Himalayan Range,

the Kashmir Valley and the Pir Panjal Range.

The specific mountain Ranges that enclose the Kashmir VBIgyr€29) are the Zanskar Range,

North Kashmir Bhge and the Lesser Himalayas (Pir Panjal Range). The Zanskar Range runs on a
southeast to northwest axis all along the northeast side of the valley. It is part of the Great
Himalayan Range and before ending at Nanga Parbat, encloses the Kashmirniadleyoah,
north-west, northeast and eastern sides. The North Kashmir Range forms the watershed between
the Jhelum River and Kishanganga River and originates at tHeaZ®giss, in a division of the Great
Himalayan Range. The Lesser Himalaya Mountimund the northeast side of Wular Lake consist
primarily of Pir Panjal and Ratan Pir Ranges.

The northeastern, eastern and soutastern portions of the Jhelum River Valley are bounded by
high mountains of the @at Himalayan and Pir Panjal Ranges, with steep upper slopes, only
decreasing as they intersect the Jhelum River Vélibey. The northern side of the Pir Panjal Range
is characterized by gentle slopes along with the presence of erodible Karewa sedimlgifgshe
southern slopes are steep with lesser quantities of Karewa sediments.

Figure28is a geomorphologic depiction of the spatial geologic formations that exist throughout the
Jhelum River Valley. The=llim River Valley largely consists of geologic formations from fluvial and
lacustrineformations (alluvial material), due to glacial activity and floods in the paigire29is a

basic geologic crossection ofthe Great Himalaya Range and the Pir Panjal Range that bound the
Kashmir Valley. The Carbonifereligassic formation underlies the Kashmir Valley alluvial valley and
outcrops of the OldePalaeozoicArchean, Eocene and Cretaceous formations are alsasexpon

the north-east and eastern sides of the Kashmir Valley.
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Figure29 Geologic CrosSection of the Kashmir Valley

The Great Himalayan Rangetbe north-eastern and northern side of the Kashmir Valley consists of
a continuous chain of high mountains with steep slopes toward the Jhelum River Valley and more
gentle slopes towards Ladakh. The upper catchment tributaries of the Jhelum River dadley h
steep slopes in the higher elevations, although the channel gradients gradually decrease as they
enter the Jhelum River Valley floor and their confluence with the Jhelum Riable12 lists the
Geological Fonations of the Kashmir Valley, including localities in the Jhelum River Basin where
they occur.

5.1.3 Alignment of the Jhelum River Valley and Khadanyar Gorge

Geological records and marine deposits have shown the Kashmir Valley was a hugdgtaaeo

during the Pleistocene period; which drained through a rift in the mountain range downstream of
Baramulla, forming the existing Outlet Channel of the Jhelum River. After the lake drained, a series
of lakes, smaller water bodies and wetlands within thehfais Valley remained along the wide

valley floor, including the largest water body, Wular Lake.

The Jhelum River Channel formed in the lower levels of the Kashmir Valley and became the main
river channel conveying river discharge through the length efkashmir Valley. It is a part of the
overall Indus River system, which flows through India and Pakistan before merging with the Chenab
River and subsequently into the Indus River before discharging into Arabian Sea.
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Tablel2 Geological Formations of the Kashmir Valley

Era Period Age Formations Localities
Recent Recent alluvium, Older alluvium Jhe'“".‘ River Valley, Karewa uplgnds
Quaternary ; . . bordering the valley, riveterraces in
. Pleistocene Karewa deposits, River terraces
Cenozoic the upland valleys
. . . . Southwestern flank of the PiPanjal
Tertiary Eocene Nummulitics, ranicot series
range
Shales, agglomerates,
Cretaceous agglomeratic conglomerates and Astor, Burzil, Dras, Ladakh
M ] volcanic series
esozoic Jurasic Spiti shales, kioto limestones Banihal
- Pir panjal trap, Triassic shales | Sind Valley, Lidder Valley and Norther
Triassic e . ; .
with limestone dolomies slopes of Pir Panjal Range
Zewan beds, productus shales,
Permian dark arenacious shaseand Pir Panjal, Upper Sind and Liddar Vall
limestones
Carboniferous Eanjal trap, agglomerates, Pir Panjal Range
limestones and shales
. Devonian Muth quartzites Zanskar Range, Banihal
Palaeozoic Sandy shales, shaley sandston
Silurian andy s ae_s, shaley sandstone Liddar Valley, Pir Panjal, Southern Fla
and yellow limestoes
Ordivician Quartzite, limestones, Liddar Valley, (Anantanag)
. Greywackes,soft quartzites, Sind and Liddar Valley, Baramulla anc
Cambrian . . ) . .
massive clays, limestones Anantanag, Pir Panjal, Banihal Valley
Archaean PreCambrian g:;;ncii;r;lental gneisses, intruded Great Himalayan Range, Pir Panjal

¢t KS WKStdzy wir gSNRa
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Kashmir Valley, at the foot of the Pir Panjal Mounfaange. The Jhelum River has widened and
formed meander bends where the channel gradient is very low, as much as 1:10,000 to 1:12,000
gradient in the reach passing through Srinagar and continues to meander as it flows to Wular Lake,
although the meander beds are not as close as they are in the reach passing through Srinagar. The
Jhelum River channel also becomes more constricted and the channel gradient slightly increases
from Srinagar to the channel outlet in Wular Lake.

The Jhelum River channel emesgrom the west end of Wular Lake upstream of Baramulla to form
what is known as the Outfall Chanf@FC) The Jhelum River Outfall Channel continues in a
westerly direction from Wular Lake to Pakistan. Downstream of Wular Lake thieNsiifgh joins

the OFCrom the south and further downstream the Pohru Nallah joins@fedrom the north near
Dobgah. Downstream of the Pohru Nallah confluence, the Mundri Nallah joil3RGom the

south and the Dakil and Vij Nallahs join tBECGrom the north.

Downstream of Baramulla, th@Fecomes more confined and the channel gradient increases
significantly to theLower JhelumHydel Power PlapBarrage, through the Khadanyar Gorge to
Salamabad, approximate\8dm downstream of the Hydel Power Plant Barrage
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5.2 EarthquakeProne Seismic Zones

The Kashmir Valley lies in an earthqugkene seismic zone, ranging from Zone V in the southern
half of the Valley to Zone IV in the northern half of the valleiggure30 showsthe approximate
coverage of the seismic zones in the Valley.

With reference to the Seismic Zone M@pgure30), the highest risk zone, Zone V, for seismic

activity and potential earthquakes is in the sowghstern cente portion of the Jhelum River Basin.

The western and northern portions of the Basin are somewhat less susceptible, classified as Zone IV,
although still have a high potential for seismic activity.

5.3 Soils and Slopes

The soil depths within the Jhelum River Basin range from very shalle¥b¢hd) in the upper sub

basins to deep (>50cm) in the Jhelum River alluvial valliegure31 and Figure32 showthe spatial
distribution of soil texture types and soil depths throughout the Jhelum River Besgiactively The

soil textures within most of the Jhelum River Basin are silty and sandy loam, which are susceptible to
erosin. There are isolated areas where clay soils are prominent, but those areas are much less in
area, compared to the silty and sandy loam areasth reference to the soil depth map, the

deepest soils lie within the lower elevation portion of the JhelupeRvalley and shallower soil

depths occur nearer to the hydrologic divides and upper mountain areas where the slopes are very
steep up to 30% or more

TheGreat Himalayan and Pir Panjal Mountain Rargedering the Jhelum Riv&asin have steep
slopes leading to the intersection with the Jhelum River alluvial valley and floodplain area. Much of
the soils within the Jhelum River sbhsins are highly erodible and subject to displacement and
suspension in tributary flows duringdi+intensity rainfall events.

Some of the tributaries in the southern and western portions of the Jhelum River Basin tend to carry
high sediment loads into the Jhelum River during significant storm events. Much of these sediments
remain in suspensionnd are deposited downstream in the Jhelum River channel, as the channel
gradient decreases and the flow velocities necessarily decrease.

Figure33 shows the ground slopieom whichit is apparentas expected) thahe steepest slopes

occur in the upper portions of the Jhelum River Basin, becoming steeper from the valley floor to the
mountain divides. In the lower portion of the Jhelum River valley, the slopes are much more
gradual, less than 15% and may be akeldls 3% in some areas within the Jhelum River floodplain.
Based on the spatial distribution of erosive soil areas within the Jhelum River Basin,isliogure

34, the upper portions of the River Basin where gilepes are the highest also have the areas that

are the most prone to soil erosion. As a result, the-Babins with catchment areas is higher,

steeper areas are the most erosive and likely contribute more to sediment transport to the Jhelum
River duringhigh intensity storm and runoff events.

Generally speaking, slopes of greater tli&i% are sediment source areas, slopes between about 3
5% and 15% are sediment transport zones, and slopes below 3% are sediment deposition zones.
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Figure30 Seismic Zones in the Kashmir Valley
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Figure31 Soil Texture in the Jhelum River Basin

66



epf;sa

Consultancy Services for preparing feasibility and detailed project report for flood mitigation and compezhensiveaserasdoaghelumm.bas

Figure32 Soil Depths in the Jhelum River Basin
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