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INTRODUCTION

I, the Chairperson, Committee on Public Accounts, having
been authorised by the Committee to present this Report, on their behalf
present the ninety fourth Report on paragraphs on chapters I, II, III
relating to Revenue & Disaster Management, Power, Home and Water
Resources Departments contained in the Report of the Comptroller and
Auditor General of India on Preparedness and Response to Floods in
Kerala

The Report of the Comptroller and Auditor General of India on
Preparedness and Response to Floods in Kerala was laid on the Table of
the House on 11™ November 2021,

The Committee considered and finalised this Report at the meeting
held on 20™ January, 2026.

The Committee place on records our appreciation of the assistance
rendered to us by the Accountant General in the examination of the Audit

Report.

SUNNY JOSEPH,

Thiruvananthapuram, Chairperson,

cS\Srh S-M , 2026. Committee on Public Accounts.



.~ REPORT

DEPARTMENTS OF REVENUE AND DISASTER MANAGEMENT, POWER,
HOME AND WATER RESOURCES

Introduction

The National Centre for Earth Science Studies (NCESS) estimates’ that
14.52 per cent of the total area of Kerala is prone to floods. Floods are
the most common of natural hazards that affect people, infrastructure
and natural environment in Kerala. Incidence of floods in the State is
becoming more frequent and severe. While high intensity rainfall causes
flooding during monsoons inintroductions and wetlands over the years
have contributed to increasing flood damages. Hence, flood
management needs to be accorded high priority in the disaster
management profile of the State. The mitigation of damages caused by
floods is dependent upon a combination of pre-flood preparedness,
operational flood management and post flood review.

Government of Kerala (GoK), in line with the Disaster Management Act,
2005 enacted the Kerala State Disaster Management Rules, 2007 and
promulgated the Kerala State Disaster Management Policy, 2010 for
holistic disaster management in the State. The Kerala State Disaster
Management Authority (KSDMA) under the Revenue and Disaster
Management Department was constituted (2007) to lay down guidelines
to be followed by the various departments of GoK in the formulation of

their development plans and projects such that integrated measures

1 Estimated in 2010 on the basis of multi hazard zonation maps prepared by NCESS
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could be taken for prevention of disasters and provide necessary
technical assistance for disaster management.

A Performance Audit on ‘Preparedness and response to floods in
Kerala’ covering the period 2014-19 was conducted to assess whether
planning and implementation of flood managemeni measures were
effective with focus on the floods in 2018.

L.1. Organisational set-up for flood control

The Kerala State Disaster Management Authority (KSDMA)“ is assisted
in the execution of its functions by the State Executive Committee (SEC)
which was constituted (2007) by the GoK with the Chief Secretary to the
Government as the Chairperson. The Head of the Department of
Revenue and Disaster Management, who is the Convenor of SEC and
Head of the Department of KSDMA, acts as the State Relief
Commissioner.

District Disaster Management Authorities (DDMA) have been constituted
in all 14 districts to act as the planning, coordinating and implementing
bodies for disaster management and to mobilise resources of all
relevant departments at their level. As per Kerala State Disaster
Management Plan approved in 2016, the Water Resources Department is
the nodal department for preparedness, and the Revenue and Disaster
Management Department, for response and recovery in times of flood.
Emergency Operations Centres at the State (SEOC) and district level

(DEOC) function under KSDMA and DDMAs respectively, for prompt

2 with the Chief Minister of the State as the ex-officioc Chairperson and nine members
including the Minister of Home and Vigilance, Minister for Agriculture and Principal
Secretary, Revenue and Disaster Management Department forming part of the Authority
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assessment and relay of information to facilitate quick response and
effective decision making. The Departments of Water Resources and
Power, through their subordinate wings/ officers, implement structural
and non-structural measures for disaster risk reduction to effectively
manage flood scenarios in the State. The organograms presented

below depict the organisational set up of disaster management in the

State.
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1.2. Audit Ob jectives -
The Performance Audit was conducted with a view to assess whether

* planning for flood management was comprehensive and
effective;
* implementation of measures for management and control of
floods was effective;
® preparedness and response to the floods in 2018 was adequate
and timely.
1.3. Audit Criteria

Audit observations were benchmarked against the criteria derived from
the following documents:

¢ The Disaster Management Act 2005
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¢ NDMA Guidelines on Management of Floods 2008
¢ Kerala State Disaster Management Rules 2007

¢ State Disaster Management Policy 2010

* National Disaster Management Plan 2016

¢ State Disaster Management Plan 2016

¢ National Water Policy 2002, 2012

* (Central/ State Government Orders, Circulars, Codes, Manuals
and Guidelines of KSDMA, other implementing agencies etc.
1.4. Audit scope and methodology

Audit adopted a two-stage sampling methodology for selection of four
out of 14 districts (25 per cent) for test check. While Idukki district was
judgmentally selected due to the maximum concentration of large dams,
the remaining three districts of Alappuzha, Ernakulam and Thrissur were
selected through riskbased sampling. Eight? Taluk Offices in these four
districts (two per district) which were worst hit during 2018 floods were
also selected for detailed scrutiny. The detailed list of institutions
covered by Audit is given in Appendix Il (1).

The Performance Audit covering the period 2014-19 was conducted
between May 2019 and February 2020 by scrutiny of relevant records
of the Revenue and Disaster Management Department and the Water
Resources Department in Government Secretariat and the various

agencies® connected with the management of floods at State/ District/

3 Alappuzha district: Kuttanad and Chengannur; Ernakulam district: Aluva and Paravur;
Thrissur district: Chalakkudy and Thalappilly; Idukki district: Idukki and Devikulam Taluk
Offices

4  Office of the Chief Engineer, Irrigation department, Dam safety offices, KSEBL/ Irrigation
division offices of test-checked dams, offices of Disaster Management Authorities and

Emergency Operations Centres in selected districts and Disaster Management sections in
taluks.
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Taluk/ Village level including the Kerala State Disaster Management
Authority, SEOC, Institute of Land and Disaster Management (ILDM), India
Meteorological Department (IMD), Kerala State Electricity Board Limited
etc. An Entry Conference was held on 18 June 2019 with the Principal
Secretary, Revenue and Disaster Management Department, Secretary,
Water Resources Department (who was also the Secretary, Power
Department) and heads of audited institutions, including the Chairman,
Kerala State Electricity Board Limited wherein the scope, objectives,
criteria, and methodology of.audil including selection of districts for test
check were discussed.

On conclusion of audit, Exit Conferences were held with the various
Departments mentioned in the Report through video conferencing on
different dates as per the Government's request and in the wake of
COVID pandemic, during which the audit findings and recommendations
of audit were discussed in detail. Additional remarks offered by the
Government with respect to the audit findings have been considered in
the finalisation of the Report. Exit Conferences with Principal Secretary,
Revenue and Disaster Management Department along with the
Commissioner, Disaster Management and Member Secretary, KSDMA
was held on 18 January 2021, with Secretary, Power Department along
with Chairman, Kerala State Flectricity Board Limited on 23 January 2021
and with Additional Chief Secretary, Water Resources Department on 02

February 2021,

5 Discussion was held with the Executive Director, Cochin International Airport Limited on
25 January 2021.
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Audit methodology included scrutiny of records in selected offices, joint
field visits with department officers to dam sites, river basins, flood
prone areas, flood management structures etc. Audit also -conducted a
survey of 800 persons affected by flood in the test-checked districts.
Audit engaged the Indian Institute of Science (lISc), Bangalore as
Consultant to study the Kerala floods of August 2018 from a
-hydrological perspective. The study area was the Periyar river basin,
which covers an area of 5159.71 square kilometres. The -Government
has communicated its concern over the fact that a simulation study by
the Consuitant #Sc Bangalore has been relied upon for auditing a crisis
management period, viz. the floods of August 2018. Audit's response is
that the simulation studies by technical experts, though undertaken ex
post facto, are reliable as a constructive tool, even for a crisis
management situation. In this instance, the exercise has been useful in
re-creating the hydrological scenario of the 2018 floods for the purpose
of examining whether reservoir operations could have been handled
differently with the then available set of data and thus facilitate better
preparedness to handle similar challenging situations, that may arise in
the future.

1.5. Acknowledgement

Audit acknowledges the cooperation extended by the Department of
Revenue and Disaster Management, Department of Water Resources
and Department of Power, Government of Kerala in the conduct of the

Performance Audit. The co-operation extended by officials of Central
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Water Commission, India Meteorological Department, Kerala State
Electricity Board Limited (KSEBL), Kerala State Disaster Management
Authority, Irrigation Design and Research Board, Dam Safety
Organisation, Kottayam, Kerata State Remote Sensing and Environment
Centre and District Disaster Management Authorities in Alappuzha,
Thrissur, Ernakulum and Idukki is gratefully acknowledged. Audit records
its appreciation for the efforts of Prof. P. Pradeep Mujumdar and his
team from liSc, Bangalore in submitting a Repcrt on the 2018 Kerala
floods. Audit has relied; inter alia, upon the Consultant's study for
observations relating to Reservoir Operations and impact of Land Use
and Land Cover change, inciuded in this Report.

2. Planning and Capability Building

The Disaster Management Act(DM Act) enacted by Parliament in 2005
envisages a continuous and integrated process of planning, coordinating
and implementing measures for disaster management. The Act
stipulated that a State Authority shall be vested with the responsibility
for laying down policies and plans for disaster management in the State.
In Kerala, at the district level, District Disaster Management Authorities
were also constituted in September 2008 following the constitution of
the State Disaster Management Authority. The KSDMA assisted by the
State Executive Committee is responsible for measures to be taken for
mitigation, capability buiding and preparedness by the various

departments and to issue such guidelines as may be necessary.



Planning

2.1.  Inadequate provision for flood management in the State Water
Policy
The Government of India formulated a National Water Policy (NWP) in

1987 which was revised in 2002 and subsequently in 2012. The NWP
envisaged and included provisions relating to the management of flood.
The NWP 2002 envisaged that States would formulate a Master Plan for
flood control and management for each flood prone basin, and provide
for adequate flood-cushion in water storage projects as well as strict
regulation of settlements and economic activity in the flood plain zones
to minimise the loss of life and property on account of floods. The NWP
2012 required operating procedures for reservoirs to be evolved and
implemented in such a manner so as to have flood cushion and to
reduce trapping of sediment during fiood season. I also mentions that
encroachments and diversion of water bodies must not be allowed and
restoration must be promoted to the extent feasible. NWP 2012
envisages the drafting of State Water Policy (SWP) in accordance with
NWP keeping in mind the basic concerns and principles as also a unified
national perspective.

Audit observed that as against the NWP, the Kerala SWP, as formulated
by the Water Resources Department (July 2008) did not consider the
aspect of management of floods in the State. The provisions in the
Water Policy of Gol which placed emphasis on preparedness for flood,

modernisation of flood forecasting using real time data acquisition
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system linked to forecasting model, evolving and implementing
operating procedures for reservoirs in order to have flood cushion,
increasing preparedness for sudden and unexpected floods were not
included in the Water Policy formulated by GoK. During the course of
the Performance Audit, Audit came across issues’ such as the absence
of legislation to demarcate flood pilains, encroachmeni of water bodies,
absence of flood forecasting stations, inadequate desiltation activities
etc. Non-inciusion of elements of flood controi measures in the State
Water Policy was indicative of the relative low priority given to flood
management issiies possibly because Kerala was not considered a
flood prone State unil recent years.

The Department of Water Resources replied (November 2020 and Aprii
2021) that though the SWP 2008 does not explicitly provide for flood
management/ forecasting, the Department had given emphasis to fiood
preparedness/ forecasting in the past and 131 rain gauges, 54 river
gauge stations and nine fully automatic climatic stations had become
operational prior to the floods of 2018. In order to equip the State to
contain disasters of similar magnitude as that which took place owing to
the unprecedented heavy rainfall, after the 2018 floods, the Government
resolved to develop a full-fledged inflow forecasting and flood early
warning system under the National Hydrology Project in all river basins
with real time monitoring through tipping bucket rain gauge (99 nos.),

radar level sensor (56 nos.) and automatic weather stations (13 nos.).

6 Paragraphs 17.2, 17.3, 17.4 and 17.5 of the NWP 2002
7  Paragraphs 2.3, 3.3 and 3.7 and Appendix III(1) of this Report
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Orders have been issued to develop a single authoritative platform
Kerala Water Resources Information System for all water resources
related information. The Department stated that these facts indicate that
the Government had a functional mechanism with respect to flood
forecasting and was quick to formulate measures for real time flood
forecasting in the wake of the after effects of 2018 floods. The reply
also indicated that a drafting Committee was constituted in November
2017 for formulating a revised SWP, which was reconstituted in January
2021 and the Committee submitted a revised draft of the amended SWP
on 05 April 2021. Revised State Water Policy containing the provisions
for flood management based on State specific requirements would be
promulgated when the new Government comes to power.

The response of the Department confirms the inadequacy of provisions
relating to flood management in SWP as depicted in the audit
paragraph.

Recommendation 2.1: Government of Kerala may consider revision of the
State Water Policy to include aspects relating to flood management, in
line with the National Water Policy and after considering the specific
requirements of the State.

[Audit paragraphs 1.1 to 2.1 contained in the Report of the Comptroller
& Auditor General of India on Preparedness and Response to floods
in Kerala]

[Notes received from the Government on the above audit
paragraphs are included as Appendix-Il]

Excerpts from the discussion of the committee with officials
concerned
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1. In response to the audit observation concerning inadequate provision
for flood management in the State Water Policy, the Chief Engineer,
Irrigation and Administration provided a detailed overview. He stated
that the State Water Policy, declared in 2008, incorporated various
aspects related to flood management, including relevant provisions,
precautionary measures, and activities associated with the Disaster
Management Commitlee. it was noted that the State Water Policy was
due for revision every ten vears, To facilitate thet process, a drafting
committee was constituted in 2017, which conducted muitipie meetings
to address the necessary updates. However, during that period,
significant challenges came up including the mega floods of 2018 and
2019, followed by the COVID-19 pandemic that impacted the subsequent
two years. A draft of the revised water policy was prepared, after
discussions with all stakeholders, and subsequently submitted to the
Government. Certain deficiencies were identified which were thoroughly
reviewed and discussed, and finally a revised draft State Water Policy
was submitted to the Government in April 2024. That draft included the

comments and provisions highlighted by the Accountant General also.

Conclusion/Recommendation

2. No comments

2.2. Non-preparation of State level Master Plan for water
resources development and management
The State Water Policy (SWP) 2008 considered the micro watershed as

the basic unit and the river basin as an integrated unit of micro-
watersheds. It envisaged preparation of a State level Master Plan for
water resources development and management by compiling the status
and action plans in each micro watershed, sub-basins and river basins

in a hierarchical form. Additionally, Master Plans for the major rivers of
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the State were to be prepared which would form the basis of any river-
based project. A State Level River Authority was also to be constituted
for coordinating all water related activities at the river basin level. A Gol
report of the National Commission on Flood had observed as early as in
March 1980 that the practice of undertaking flood schemes on ad hoc
basis was unscientific and recognized an urgent need for preparing
basin-wise Master Plans which would indicate priority of schemes for
imptementation.

Audit noted that a State Level River Management Authority was yet to
be constituted. Non-constitution of the same meant absence of an
institutional mechanism for ensuring co-ordination between different
implementing agencies and for monitoring prioritisation of works
undertaken. The canal work in Cochin International Airport Limited (refer
Paragraph 4.3 of this Report) is an example of a case where the State
Level River Management Authority could have monitored the
prioritisation of the works to be undertaken to prevent inundation of the

airport and areas in the vicinity during the floods of 2018.

Audit further observed that during 2014-19, the Irrigation Department of
GoK expended T178.99 crore for flood control/mitigation works in the
State including 273 works at a cost of ¥55.17 crore in the test-checked
districts of Thrissur, Idukki, Ernakulam and Alappuzha. Works were also
executed under the River Management Fund, Atal Mission for
Rejuvenation and Urban Transformation (AMRUT) scheme, Kuttanad

Development Scheme and Project Management works. These works
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were taken up at different locations, based on the requests from local
people, people's representatives and local bodies without being linked
to a comprehensive plan for the management of floods. In the test-
checked districts, Audit noticed that no survey or investigation was
conducted to identify the flood prone/vulnerable areas for prioritising
the works to be undertaken.

Audit was informed (March 2020) that the Master Plen of only one river?®
viz., Chaliyar besides two® of the five tributaries of the Bharathapuzha
River had been completed. Thus, Master Plans of 42 out of 44 rivers
are yet to be prepared though envisaged in the State Water Policy.
Non-availability of Master Plans for the major rivers of the State implies
scope for inclusion of flood control works on ad hoc basis.

GoK stated (March 2020) that micro watershed plans containing details
of traditional water bodies such as ponds, lakes, streams and springs
were prepared at Grama and Block Panchayat level under ‘'Haritha
Kerala Mission'. However, the fact remains that a State level Master Plan
for water resources deveiopment and management as envisaged in the
SWP is yet to be prepared. During the Exit conference (February 2021),
Additional Chief Secretary, Water Resources Department stated that a
draft bill had been finalised for constitution of River Basin Conservation
and Management Authority. The Department also informed (April 2021)
that when the model code of conduct is lifted, the bill is expected to be

passed as an ordinance. As per the State Water Policy 2008,

8 Out of 44 major rivers in Kerala
¢  Gayatripuzha and Thoothapuzha
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preparation of State level Master Plan for water resources development
and management is to be a combined effort of various stakehoider
departments and the formulation of the same is progressing under the
authority of Town and Country Planning Department. With respect to the
preparation of master plans for major rivers in the State, priority will be
given to those rivers that are prone to flood and passing through
densely populated areas viz. Periyar, Chalakkudy, Pamba, Meenachil,
Muvattupuzha, Karamana, Bharathapuzha and Challyar rivers.
Recommendation 2.2 Government may ensure compliance with the
provisions of the Kerala State Water Policy such as formulation of a
State level Master Plan for water resources development and
management, formulation of Master Plans for the major rivers besides
constituting a State Level Authority to coordinate all water related
activities at the river basin level.

[Audit paragraph 2.2 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-II]

Excerpts from the discussion of the committee with officials
concerned

3. When the Committee enquired about the audit observation regarding

non preparation of State Level Master Plan for Water Resources
Development and Management, the Chief Engineer, Irrigation and
Administration explained that the River Basin Conservation and

Management Authority (RBCMA) was in the process of being established
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to carry out a thorough study on the management and planning of water
resources at the State level. A drafting committee had been set up in
connection with that initiative and a proposal for its formation had been
submitted to the Government for approval. The Committee noted that
the Government's reply indicated that preparations were already
underway for creating master plans for rivers, with a focus on
gathering data for all major rivers in the State within a speciiied time
frame. The Committee sought an update on the progress of the project
initiated in 2022. The Chief Engineer, Irrigation and Administration
informed that a comprehensive planning effort for the whole State had
not been incorporated intc the master plan. Furthermore, he mentioned
that an in-depth study of the Pamba river basin is currently in progress
and is anticipated to be completed by December 2024. Additicnally, the
Chief Engineer stated that the aim of the proposed River Basin
Conservation and Management Authority (RBCMA)} was to conduct a
thorough examination of all rivers within the State and to ensure the co-
ordination of relevant activities. 1he Committee noted that although a
plan had been developed, significant delays had occurred in its
implementation. The Chief Engineer, Irrigation Design and Research
Board and Irrigation & Inter-State Water, Thiruvananthapuram, further
clarified that the RBCMA had not yet become operational. As the
process involved a combined effort of various stakeholders, concerns
were raised by various stakeholder Departments during the preliminary

drafting of the Act. It was suggested in a meeting led by the Chief
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Secretary that, the draft be circulated to the relevant Departments to
gather their suggestions prior to finalization. While feedback from the
Revenue, Disaster Management Department had been received,
feedback from other Departments was awaited. The procedures to
finalize the Act was currently underway and would be concluded in due

course,

4. The Committee sought information regarding the proposéd functions
of the River Basin Conservation and Management Authority (RBCMA).
The Chief Engineer, Irrigation Design and Research Board, Irrigation and
inter-State Water Division, Thiruvananthapuram, clarified that, in
accordance with the State Water Policy, any initiatives concerning river
management should be based on comprehensive evaluations that
included factors such as the river's catchment area, the volume of water
flow, its utilization, and the land use adjacent to the rivers. He
emphasized that the formulation and implementation of such a plan
necessitated the co-operation and data collection from various
Departments, including Revenue, Agriculture, Irrigation, Local Self-
Government, Power, Forest, and the Pollution Control Board. He
supplemented that the most important function of the authority would
be to prepare a clear river hasin plan for each river and co-ordinate the
activities related to that with other Departments and execute them in a
timely manner. Furthermore, it was noted that a draft of the State Water
Policy was submitted to the Government in April 2023. The Special

Secretary, Water Resources Department mentioned that the draft of the
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State Water Policy had recently been received by the Administrative
Department. It was decided at the minister level that no amendments
would be made to the policy, and final approval would be granted by the
Drafting Committee promptly upon the assumption of Office of the new
Secretary. it was also stated by Special Secretary that the draft policy
after approval by drafting Committee has been submitted for cabinet
approval. In response to a query from the Committee regarding the
establishment of the RBCMA, an official from the Water Resources
Department indicated thal a draft bill was being prepared as legislation
was necessary for the establishment of the RBCMA. The Principal
Secretary, Revenue and Disaster Management Department confirmed
that they had already submitted relevant data regarding that process.

5. During the Committee's enquiry regarding the timely submission of
data, an official from the Water Resources Department highlighted that
delays occurred due to the need for feedbacks from various
Departments, including the Agriculture Department, as well as repeated
requests for comments from stakeholders. Additionally, the Revenue
Department raised several new concerns. As a resull, it was
determined that legislation should be made to address those issues
comprehensively. The Committee expressed its view that it would be
more effective to establish a single authority to oversee all the major
rivers, rather than creating separate authorities for each river. The
Committee expressed its concerns regarding the lethargy of the

Department in addressing those matters, particularly the delays in
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finalizing the State Level Master Plan for water resources and
development, as well as the formation of the State-tevel River Basin
Conservation and Management Authority (RBCMA). The Committee
directed that those tasks be prioritized and completed at the earliest.

Conclusion/Recommendation

6. The Committee expresses its concern over the lethargy of
the Department in addressing matters such as delay in finalising the
State level Master Plan for water resources development and the
formation of the State-Level River Basin Conservation and
Management Authority. The Committee directs that the formulation
of a State-Level Master Plan for Water Resources development and
framing of master plans for all major rivers should be ensured by
the Government in a timely manner.

7. The Committee opines that undue delay in setting up of
RBCMA is not acceptable and calls for immediate steps to
constitute River Basin Conservation and Management Authority
within a specific time frame.

2.3. Non-enactment of legislation to identify and demarcate Flood
Plains in the State

Flood plain zoning is a concept central to flood plain management. This
concept recognises the fact that the flood plain of a river is essentially
its domain and any intrusion into or developmental activity therein must
recognise the river's 'right of way'’. Flood plain zoning measures aim at

demarcating zones or areas likely to be affected by floods of different

10 Source: Planning Commission, Gol, Report of Working Group on Flood Management and
regionspecific issues for XIT Plan (2011}
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magnitudes or frequencies and probability levels, and specify the types
of permissible developments in these zones, so that whenever floods
actually occur, the damage can be minimized, if net avoided. A model
draft bill for flood plain zoning legislation was circulated by the Union
Government in 1975 to all the States. The proposed legislation
envisaged creation of a Flood Zoning Authority, survey of flood plains
and prohibition or restriction in the use of these lands. The National
Disaster Management Authority's (NDMA) guideline on 'management of
floods’ also has a section on enforcement and regulation reiated to
flood plain zoning.

The State of Kerala has not enacted flood plain zoning legislation and
the flood plains of the State have not been identified and demarcated.
Had the exercise of identification and demarcation of the ficod plains
been undertaken, the same could have been used by GoK in their
activities on flood control.

The Department of Water Resources replied {November 2020) that the
State of Kerala had informed (2013) the Ministry of Water Resources
and Ganga Rejuvenation about the practical difficulties and limitations of
enacting the flood plain zoning legislation in Kerala. it added that the
topography of Kerala was unique when compared with the States that
had implemented the legislation.

However, Audit cobserves that while there may be challenges in
implementing such a legislation as envisaged for flood plain zoning, it

should not become an absolute deterrent to even initiate a process of
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identification of the flood plain zones for the 44 major rivers as well as
the level of urbanisation and development activities. As per the NDMA
Guidelines also, flood plain zoning is necessary to minimise damage in
the case of floods by rivers. According to Kerala State Disaster
Management Plan, 2016, flood plains are flood prone and hazardous if
developmental activities in them exceed an acceptable level. It further
states that reclamation and settlement in flood plain areas is a major
cause of f!ood damage in the State. Further, during the course of audit,
913 encroachments of water bodies were noticed in the selected
Idistricts as detailed in Appendix [l(2). Legislation to identify and
demarcate flood plain zones of the State would enable the Government
to take proactive measures in controlling potential encroachment
activities in the flood plains.

The Department replied (April 2021) that in India, only three States
namely Manipur, Rajasthan and Uttarakhand had enacted the legislation
as of December 2016. Kerala had never been considered as a major
flood prone State till the flood of 2018 unlike the States located in Indo
Gangetic plain. The States located on the banks of Ganges, Yamuna and
Brahmaputra basins are yet to enact the Flood Plain Zoning Bill. Fiood
plain  zoning needs institutional support and interdepartmental
coordination. Though Kerala has an undulating topography and a high
population density, Government recognises it is a vital tool in preventing
flood. Feasibility study on enacting the Flood Plain Zoning Bill in the

State would be conducted when the new Government comes to power.
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Audit noticed that the need to prevent encroachments along rivers and
flood plains was again emphasised in the draft River Regulation Zone
notification, 2016, under the Environment (Protection) Act, 1986 which
was circulated to the States by the Ministry of Environment, Forests,
and Climate change (MoEFCC). The notification proposes to declare
river stretches and flood plain zones as river conservation zones and
to regulate or prohibil developmental activities in these zones. Further,
though the Coastal Regulation Zone Notification of January 2011 (as
amended in 2019} envisages that coastal land from High Tide Line upto
50 m" on the landward side along rivers subject to tidal influence fali
under the coastal regulation zone and would be regulated as per the
provisions of the Act, this would not suffice to check encroachments, as
flood plains of only some rivers/stretches of rivers in some districts

are covered under the CR Zones.

Flood plains and river beds are some of the natural features that allow
absorption of heavy rainfall or a river's overflow and facilitate mitigation
of adverse effects, hence permitting uncontrolled constructions and
encroachments, particularly in an era of climate change could be
extremely short-sighted. Recognising the river's right to expand and
contract over seasons is vital. Notwithstanding the practical difficuities
in impiementing flood plain zoning legislation/ regulation in a densely
populated State like Kerala, the Government needs to ensure through

active stakeholder engagement that this gap in the regulatory

11 100 m upte 17 January 2019
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framework is not allowed to persist.

Recommendation 2.3: Government of Kerala may initiate action for a
legislation/regutation on flood plain zoning, as well as constitute an
Authority to identify and demarcate flood plain zones of the State and
to prohibit or restrict the use of these lands.

[Audit paragraph 2.3 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-Ii]

Excerpts from the discussion of the committee with officials
concerned

8. While considering the audit observation related to the non enactment
of legislation to identify and demarcate Flood Plains in the State, the
Chief Engineer, Irrigation and Administration, provided insights into the
challenges associated with demarcating flood plain zones in
Bharatapuzha, Periyar, and Pamba river basins. it was noted that those
areas were characterized by high population density and the presence
of infrastructure, including hospitals, industrial establishments, and
agricultural [ands. Consequently, it was essential to adopt a pragmatic
approach that involved co-operation and consensus among all
stakeholders, taking into account the dynamic nature of river flow when
planning for flood plain management. Furthermore, the Committee
highlighted that the overflow of rivers could be attributed to inadequate
sand removal in a scientific manner, as well as the presence of

vegetation growth within the river channels. Similar circumstances had
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been observed in the case of the Bharathapuzha River, too.

9. The Committee expressed concerns regarding the lack of measures
being implemented for the desiltation of rivers. Specifically, it was noted
that no action had been taken for the removal of accumulated waste
from the rivers, and for the regulated extraction of sand. The Principal
Secretary, Revenue and Disaster Management Department, indicated
that, following the Order of the National Green Tribunal (NGT), the Union
Ministry of Forests and Environment had released guidelines addressing
river desilting, which were supported by existing regulations in the
State. Additionally, the Revenue Department had conducted a
comprehensive study by evaluating the quantity of sand present in the
rivers and the feasible quantities available for mining, and had
implemented relevant measures accordingly. The Committee was of the
view that explanation provided by the Chief Engineer concerning flood
plain zoning was impractical and sought clarification on the status of the
decision made on 14" March, 2024, regarding the convening of a
technical conclave. The Member Secretary, KSDMA informed the
Committee that current construction activities within the designated
river basins, classified as flood plains, were legally prohibited. A clear
definition of the term 'river basin' necessitated consideration of specific
technical and administrative factors. Consequently, the Permanent
Expert Technical Committee had resolved to engage in stakeholder
consuitations on that issue. Subsequent discussions involving the IDRB

and other institutions had taken place, although a precise definition of
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the term remained elusive among experts. An example highlighted was
the Maharashtra Government, which successfully defined 'river basin',
yet did not encompass the concept of 'river Poramboke,' leading to
complications for certain construction projects and the relocation of
residents. In the case of Chengannur Municipality, river basins and flood
plains had been marked as part of the development of Risk Informed
Master Plans at the local level. If such a notification was issued for the
area, it could significantly impact construction activities across- six wards
approximately. Hence, all socio-economic factors would be considered

while addressing those implications.

10. To the further queries of the Committee, the Member Secretary,
KSDMA requested that the order issued by the National Green Tribunal
(NGT) in that matter may be taken into consideration by the Committee.
He noted that in earlier period permission had been granted for the
expedited removal of materials accumulated in rivers during flood
events. However, the NGT has revised its guidelines when the Pamba
River issue arose, stipulating that no actions could be undertaken even
without prior clearance from the State Environment Impact Assessment

Authority (SEIAA) for disaster management.

1. To a query of the committee regarding the non - conducting of a
detailed technical conclave decided to be held on 14.03.2023, the Chief
Engineer, Irrigation Design and Research Board & Irrigation & Inter State

Water, Thiruvananthapuram clarified that discussions had not yet been
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conducted specifically related to the demarcation of flood-prone areas.
A comprehensive plan was currently underway for the Pamba River
Basin, focusing on future flood response measures. The conclave was
held in two phases, including participation from local representatives,
and the relevant details wouid be submitted to thé Committee. The
Chief Engineer also mentioned that different opinions among experts
concerning the definition of "flood" should be addressed. Various
Departments were engaged in discussions regarding potential actions

to be taken in the event of peak flow occurrences.

12. The Principal Accountant General disagreed with the view that flood
plain zoning was not feasible. It was noted that other states had
successfully implemented such measures. Implementing flood plain
zoning was considered a globally accepted practice, and it would be
unjust to regard it as impractical at the Governmental or disaster
management level. Therefore, he suggested that the Committee may
take appropriate decision on that matter. The Principal Secretary,
Revenue and Disaster Management Department updated that the Centrat
Water Commission (CWC) had initiated studies pertaining to flood plain
zoning, although comprehensive details were still forthcoming and the

Department was currently awaiting the CWC's report.

13. The Principal Accountant General brought to the attention of the
Committee that a proper policy had not been formulated in the State

and the establishment of RBCMA had not yet been completed. He
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further stated that the delay in that regard would be treated seriously
and stressed the need for urgent corrective measures. The Committee
opined that the undue detay would not be tolerated and a specific time
frame would be decided in that regard. The Committee enquired
whether it could be completed before 31 December, 2024, The Chief
Engineer, Irrigation & Administration replied that the Irrigation
Department alone could not accomplish that goal as co-operation among
various stakeholder Departments would be essential for its successful

completion.

14. The Committee suggested that in the interest of efficiency, the
Department should explore utilizing systems from alternative sources or
consider outsourcing to private agencies, rather than relying solely on
existing Departmental resources. t was proposed that survey work
related to flood plain zoning be delegated to engineering colleges
located near the rivers. Through such an arrangement, the colleges
could receive a predetermined fee for their services, thereby
streamlining the process. The Principal Secretary provided an update on
the mapping efforts undertaken so far, indicating that preventive
measures had also been implemented and communicated to the local
bodies concerned. Furthermore, she emphasized the necessity for

appropriate iegislative action to facilitate the zoning of flood plains.

15. The Member Secretary, KSDMA clarified that the audit observation

centered on the zoning of flood plains and the creation of a flood
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hazard map. When flood plain zoning was conducted by the State many
years ago, there remained a significant concern regarding constructions
in proximity to river basins. He emphasized that relevant details
regarding the matter would be furnished within ene month following
consultations with the Departments concerned. The Committee also
opined that the said process should be expedited by incorporating the
input of local representatives and fostering co-ordination with

engineering colleges.

16. In continuation of the discussion, the Member Secretary, KSDMA
informed that sedimentation resulting from the major flood event in
1924 had impacted regions such as Kuttanad. As temperature
increased, river valleys shrank and riverbanks were formed. Residents
living near the banks of Periyar river were to bear the brunt of the
effects of flood for several years. Areas designated as river
purambokes were projected to experience flooding approximately
every ten years. Upon excavation in those locations, deposits of rocks
and sand were found with muddy sand at deeper levels, contributing to
the shrinking of rivers. To address that issue, he proposed the
implementation of a strategy known as "Room for Rivers." That method
involves the removal of barriers designed to prevent water from
entering the banks, thereby aliowing for additional space for water to
flow. He concluded that the said approach could be seriously

considered while moving forward.
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Conclusion/Recommendation

17. The Committee directs to submit a report on the action taken
by the Department to ensure the availability of large scale flood
hazard maps for the identification of the risk prone areas and to
prioritise response efforts.

2.4, Flood Hazard Map not conforming to criteria

Flood Hazard Mapping is a vital component to far.cilitate the identification
of areas at risk of flooding and also helps to prioritise mitigation and
response efforts®.

An Expert Committee constituted by Gol® for scientific assessment of
flood prone areas in India defined (June 2013) flood prone areas as
such areas affected by floods which have a return period of 10 years
viz. probability of its recurrence and emphasised that the return period
of flood would be one of the important criteria for classification of flood
prone areas. Flood prone areas were to be initially categorised as
Severe, Moderate and Normal. Methodology for identifying these areas
as such were also detailed by the Expert Committee. [he Expert
Committee recommended that each State should set up a Regional
Committee which, among other things, would be responsible for
delineating flood prone areas of the State based on methodology
finalised by it. The State was bound to follow the procedures laid down
by the Expert Committee. In line with Gol recommendations, GoK

constituted”  (October 2014) a Regional Committee to identify,

12 Source: Flood Hazard Atlas of (Odisha prepared by National Remote Sensing Centre, Gol
13 Ministry of Water Resources, Central Water Commission
14 Additional Chief Secretary, Water Resources Department as Chairman, Chief Engineer,
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demarcate and classify the flood prone areas in Kerala.

GoK formulated a Kerala State Disaster Management Plan approved by
the SEC and KSDMA (September 2016) which was intended to be an
ever evolving document formulated under the Disaster Management Act
2005. Audit noticed that the map adopted by GoK and incorporated in
the Kerala Statr Disaster Management Plan 2016 was prepared (2010)
by the National Centre for Earth Science Studies (NCESS)”® in 1:50,000
scale using sateliite images. Though Central Water Commission (CWC)
in June 2013 had fixed the return period of flood as the criteria for
identifying flood prone areas, GoK continues to rely upon a flood prone
area map prepared in 2010 which does not adhere to the criteria fixed
by CWC for earmarking an area as flood prone.

The inadequacy of the maps adopted in the DM Plan was evident from
the reply of NCESS to Audit (July 2019) that large scale maps would be
required for application at the local level. The need for integrating field
mapping, high resolution satellite images and Digita! Elevation Models
for generation of database for local level application was also
emphasised by NCESS.

Thus, flood susceptibility map of NCESS as adopted by GoK in its
Disaster Management Plan needs to be revisited in order to make it
useful for local level applicability.

Audit observed that the Regional Committee®™ constituted (October

CWC Coimbatore as Member Secretary, Secretary, KSDMA as member and two other
members

15 NCESS - formerly known as Centre for Earth Science Studies

16 Based on the recommendations of Expert Committee for Scientific Assessment of Flood
Prone Areas in India, Government of Kerala constituted (October 2014) a Regional
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2014) to identify, demarcate and classify the flood prone areas in Kerala

by July 2015 met only twice during 2014-19 and could nat achieve its

stated objective.

GoK in its response stated that

the flood susceptibility map was prepared by the State in 2010

when the Expert Committee’'s recommended methodology was

not available. It is not meant to be a substitute for the large scale
Flood Hazard map required to be prepared (in accordance with
the methodology prescribed by the Expert Committee) and
provided by the Ministry of Water Resources, National Remote
Sensing Centre, Survey of India and Central Water Commission
as notified in the Disaster Management Plan of 2016 and the
National Disaster Management Guidelines-Management of Floods
2008, which when obtained, would be incorporated in the State
Disaster Management Plan.

The Department said that CWC informed (I\/_lay 2020) that there
was not much progress in the matter of large-scale flood
mapping due to non-availability of high-resolution digital elevation
models for the States. Thus, the delay in identification,
demarcation and classification of flood prone areas cannot be
attributed to the State Government.

In the Exit Conference (18 January 2021) Member Secretary,

KSDMA stated that the NCESS map adopted in the State DM Plan

Commiitee with Additional Chief Secretary, Water Resources Department as Chairman to
identify, demarcate and classify the ftood prone areas in Kerala.
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2016 had an accuracy of 70 per cent which was sufficient for all

planning purposes.

The reply of the Government confirms the audit observation that the
State is yet to have a large-scale flood hazard map satisfying the
criteria, even though the flood hazard map is a vital component for
identification of risk prone areas and to prioritise response efforts.
Though seven years have elapsed since the methodology was
prescribed for preparation of flood prone rmap, the State is still
dependent on the 2010 map.

Audit observed that United Nations Development Programme in its Post
Disaster Needs Assessment document” (released after the Kerala
floods of 2018} referring to the available map notes that the same has
been prepared at a scale of 1:50,000 while indicating that this has
resulted in awareness among the citizens about hazards and
environmental conservation, these maps should ideally be prepared at a
scale of 110,000 or 1:5000 if they are to be useful for planning and
policy making. Accordingly, the contention raised in the Exit Conference
that this map is sufficient for planning is not acceptable because the
map does not meet the criteria set by CWC and also since NCESS,

which created this map had informed Audit that the map is insufficient.

Recommendation 2.4: Government of Kerala may take steps to ensure
availability of large scale flood hazard maps conforming to CWC criteria

which would facilitate planning, policy making and prioritisation of flood

17 Commissioned by the Kerala Government, the Kerala PDNA was undertaken jointly by
experts from the line Ministries and the United Nations.
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mitigation activities by identifying flood risk areas.

[Audit paragraph 2.4 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-Hi]

Excerpts from the discussion of the committee with officials
concerned

18. While discussing the above para, the Member Secretary, KSDMA

provided an overview regarding the preparation of the Flood Hazard
Map for Kerala, which is being developed by the National Centre for
Earth Science Studies. Following the enactment of the Disaster
Management Act of 2005, agencies under the Central Government were
-assigned the responsibility of identifying vuinerable areas. Due to the
delay occured in that process, a decision was made to utilize the map
developed hy NCESS, and based on that map restrictions were being
imposed. He added that in the meantime, the verdict of the
WP(c)33405/18 filed by the CWC was issued by the Hon'ble High Court
of Kerala in 2022. The judgment of the case stated that "Perusal of the
same shows that several factors are being considered for the scientific
assessment of flood prone areas in the State and Court cannot fix any
outer limit for the completion of this work. Almost all the reliefs have
been addressed by the respondents. In view of the above, the writ
petition is disposed of directing the respondents to take all possible
remedial measures and regularly monitor the same without any failure.”

In the mean time KSDMA in co-ordination with UNEP had developed a
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flood hazard probability map for the entire State, which was published.

in the Orange Book. That map categorizes flood risks across a range of
frequencies from 10 to 500 years and identifies critical infrastructure
such as schoois and hospitals within those risk zones. That information
has been disseminated to the Local Self Government Institutions, with
the understanding that its validity is contingent upon the publication of
the map by the CWC. 'urthermore, the Hon'ble High Court of Kerala had
accepted the CWC's request for an extension of time period te
complete the preparation of the map. Ultimately, Central Water
Commission bears the legal responsibility for creating large-scale, high-
resolution flood maps, as mandated by the National Disaster

Management Authority under the Disaster Management Act of 2005.

Conclusion/Recommendation

19. No comments

Capacity Building in Disaster Management

2.5. lmplement’a;tion of Civil Defence in the State

The Disaster Ménagement Act envisages requisi‘te institutional mechanisms to
promote general education, awareness and community training in
regard to forms of disasters to which different parts of the State are
vulnerable and the measures that may be taken by such community to
prevent the disaster, mitigate and respond to such disaster. In order to
create a mechanism for efficient and effective response to any natural
or manmade emergency, a sizable trained volunteer force of

emergency responders at the grassroots level needs to be made
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.available as standby in all vuinerable urban/rural areas®. Accordingly,
amendment was enacted (2009) to the definition of “civil- defence"
contained in the Civil Defence Act, 1968 so as to bring within its scope
the measures which may be taken for the purpose of disaster
management during, at, before, or after any disaster. Since the
community was invariably the first responder to any disaster, adequate

awareness and preparedness of the community to respond to any such -

emergency/disaster would be very crucial in mitigating the damage and - -

suffering.

In Kerala, the post of Director of Fire Force was redesignated (Octoberl
1980) as the Commandant General (Home Guards, Civil Defence and Fire
Services). However, Civil Defence was officially formed in the State
under the Fire and Rescue Services Department only on 30 August
2019. Consequently, the implementation of three schemes launched by
Gol during 2009-2016 to strengthen civil defence in the State viz,
'Revamping of Civil Defence, 'Mainstreaming Civil Defence in Disaster -
Risk Reduction' and the 'Aapda Mitra' scheme suffered setbacks. An
amount of T4.43 crore was released by Gol during the period towards
implementation of these schemes, which could not also be effectively
utilised. Audit noticed that due to non-formation of Civil Defence in the
State, littie headway was made in implementing these sc-hemes meant to
ensure the availability of an active volunteer-based emergency force

for disaster mitigation. The following three paragraphs highlight the

18 Suggestions of K. M. Singh (Member NDMA) Committee to integrate Civil Defence in
Disaster Management framework, endorsed by Home Minister’s Civil Defence Advisory
Commiltee in April 2008



s obrarved Dy Auait.

ardi paragraph 2.5 containgd i the:Repori of the Compirolior &
Audier Senaral of India on Preporediess-and Response to -floods in
seyiia) ROk |

{Futes received from the Government-on the above audit paragraph
are included as Appendix-if arg gecheeet

cxcernts from the discussion of “the committee with officials
concarned

20, While discussing the above para, the Commitiee enquired about the
audit observation regarding the utilisation of the building constructed in
2014 envisaged to function as a State Level Residential Training Institute
as a camping place for NDRF. The Director General, Kerala Fire &
Rescue Services informed that Civil Defence System was formed under
the Kerala Fire and Rescue Services in 2019. Even though a Civil
Defence Training Academy was set up in Thrissur, the building was
currently being used as a camping station by the NDRF. Even though
land was allotted for NDRF in Ernakulam, relocation was not possible
due to the denial of permission from Coastal Zone Management
Authority. He added that the location of NDRF camp in the central region
facilitates immediate response during natural calamities. He further
stated that a request had been submitted to the Revenue Department
for the allocation of four acres out of the eight acres of land in the
vicinity to establish a Civil Defence Academy. At present, there was no
specific Training.dnstitute for Civil Defence, and Civil Defence Training
was provided by using the facilities of Fire Service Academy and the 127

fire stations throughout the State.
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Conclusion/Recommendation

21. No comments
2.5.1 Unfruitful expenditure of ¥1.54 crore on construction of Civil
Defence Training Institute
% Audit observed that under the

i scheme ‘Revamping of Civil

: :..*

¥ Defence’ launched by Gol in July

it 2009, Z154.20 fakh out of %195

Figure 2.1: ( l\n’ n fene .fi'murﬂg Instimere Building lakh recelved from GO! was
29 Detober 2019, ( HH Yovyar, Thrissur District
Phoio teaken by Awdit party, attesied by Direcror, Fire amd .
Rescue Services Acadermy expended on construction of a

Civil Defence Training institute (CDTI) at Viyyur in Thrissur district. Joint
field verification (October 2019) revealed that though the building,
completed in 2014, was envisaged tofunction as a State Ilevel
residential training institute for civil defence under the Fire and Rescue
Services Department (F&RSD), it was being utilised as a camping place
for members of the National Disaster Response Force (NDRF), with the
classrooms and dormitory converted as barracks. Audit observed that
the building which was in possession of Revenue Department tili April
2018, was handed over to F&RSD on the pre-condition that the NDRF
battalion was to be accommodated in the building untii a new own
building was identified. Joint verification (October 2019) revealed that
possession of only a small room had in fact been transferred to the
Director of CDTI, which was used for office functioning, with the rest of

the building continuing to be occupied by NDRF. The residential training
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cenlre 1o irpart ainitg 1o civit defence volunlesra has not hecome
functional despite nassage of over five years. Had ihe State rolled out
Civil Defence, seiected the volunteers and trained themn in a timely
manner,the CDTi building could have catered to the envisaged objective.
Audit had previously pointed out"® the non-functioning of CDTI due to
delay in creation of posis and purchase of equipment, to which GoK
replied (Noventber- 2016) that the responsibility te activater CDTI has
been entrusted to KSDMA. The reply offered by GoK in November 2020
was that the temporary pre-positioning of NDRF team in the building
facilitated judicious utilisation of an otherwise idling building. It was also
stated that there was adequate facility in the Fire and Rescue Services
Academy to provide captive training to Civil Defence Volunteers and in-
service men. The reply is contrary to facts as it was the responsibility
of KSDMA to activate CDTI building so as to cater to the dedicated
purpose of a full-time residential training institute for civil defence,
which remains unrealised. Further, DG, F&RS stated (December, 2020)
that as a variety of training schedules® were being conducted in Fire
and Rescue Services Academy, it was essential to allot maximum space
for the residential training of civil defence volunteers at CDTIL. On
pointing this out in Exit Conference (January, 2021), GoK stated that
though allocations were made for construction of CDTI and DG, F&RS
designated as Director General (Civil Defence), Civil Defence was not

notified in the State until 2019. For this reason, even if a building was

19 Paragraph 4.4.6.1 of the Audit Report of Comptroller and Auditor General of India for the
year ended March 2016, currently under consideration of PAC.
20 Station officer course, Driver Mechanic course, Fireman course etc
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constructed there, no training would have happened and the scenaric of
State's flood response would not have changed. The reply reveals the
fow priority given to the formation of Civil Defence and for equipping
the volunteers as emergency responders in crisis situations. Despite
designating Director of Fire Force as the Head of Civil Defence as early
as in QOctober 1980, the State was left without any civill defence
volunteers for the past 38 years.

During the Exit Conference, Audit was informed that, now that a
separate piece of land has been allotted to NDRF for constructing their
own building and Civil Defence has been formed, NDRF would move out
soon. In view of the idling of existing infrastructure provided for training
in the past years and construction of new building not having
commenced yet, the possibility of NDRF moving out and the entire
building of CDTI being utilised for Civil Defence related trainings in the
near future remains doubtful.

2.5.2 Mainstreaming Civil Defence in Disaster Risk Reduction

Government of India scheme 'Mainstreaming Civil Defence in Disaster
Risk Reduction' for strengthening the Civil Defence setup in the Most
Vulnerable Districts/ Multi Hazard Districts envisaged creating a
response system based on minimum permanent staff backed by skilled
volunteers. Six® districts in Kerala were classified (2014) as 'Most
Vulnerable'. Ministry of Home Affairs released (November 2014)
T225.52 lakh as first instalment of grant-in-aid to the State for the

financial year 2014-15. This included 198.52 lakh for the six most

21 Ernakulam, Kannur, Kottayam, Kozhikode, Thiravananthapuram and Wayanad
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vulnerable disiricts and ¥27 lakh to the CDT! envisaged under the
scheme 'Revamping of Civil Defence’. Audit observed that the entire
%225.52 lakh received in November 2014 was retained by the Finance
Department until March 2017, when it was provided in the budget as
Supplementary demand for grants, as proposed by the Revenue
Department. As the Director General of Civil Defence did not receive the
money, the scheme could not be implemented and the amount was
resumed by GoK in June 2017 without any further disbursement. Thus,
Gol assistance of ¥225.52 lakh for strengthening of Civii Defence set up
in the State could not be utilised for the envisaged purpose. GoK
replied that a request has been made (November 2020) to Home
Department to revalidate the amount for implementation of the scheme
by F&RSD.

[Audit paragraphs 2.5.1 and 2.5.2 contained in the Report of the
Comptroller & Auditor General of India on Preparedness and Response
to floods in Kerala]

[Notes received from the Government on the above audit
paragraphs are included as Appendix-Ii]

Excerpts from the discussion of the committee with officials
concerned

22. During the Committee's enquiry regarding the audit observation

concerning the unfruitful expenditure of I1.54 crore on the construction
of the Civil Defence Training Institute, the Director General of Fire and
Rescue Services clarified that the building is currently utilized by the
Nationa! Disaster Response Force (NDRF). In response to the

Committee's query about Civil Defence recruitment, he informed that
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over ten thousand volunteers were there from various sectors of
society, and Government officials were also encouraged to participate.
To facilitate that, the Government had issued an order allowing special
casual leave for Government employees engaged in Civil Defence
activities. Notably, there is no age restriction for joining, as these
volunteers do not receive remuneration. The Committee highlighted that
the audit observation pertained to the construction of the building
intended for use as a Civil Defence Training Institute, which is presently
occupied by the NDRF team and urged that the said issue would be
addressed promptly. The Director General further explained that the
building currently serves as a training center and camp for the NDRF,
emphasizing its strategic location that allows for efficient movement to
various regions in the event of natural disasters. The Member
Secretary, Kerala State Disaster Management Authority, informed that at
present five acres of land were allotted to the NDRF in 2016. However,
the NDRF requested marshy land with water frontage. Subsequently,
land located at frumbanam near the Indian Oil Corporation was allocated
and is currently pending clearance from the Kerala Coastal Zone
Management Authority (KCZMA). Construction of the building is

anticipated to commence in 2025.

23. In response to the query of the Committee about the audit
observation regarding the retaining of ¥225.52 [akh released by the
Central Government as the first instalment of grant- in-aid to the State

for the financial year 2014-15, the Director General, Kerala Fire and
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Rescue Services informed that the Civil Defence system had been
established in the State in 2019.

Conclusion/Recommendation

24. No comments

2.5.3. Slow pace of implementation of Aapda Mitra Scheme

National Disaster Management Authority (NDMA) approved 'Aapda Mitra',
a 100 per cent Centrally Sponsored Scheme, with focus on training 6000
community volunteers in disaster response in the 30 most flood prone
districts (200 volunteers per district) in India. This was to bestow them
with skills needed to respond to the immediate needs of their
community and undertake basic relief and rescue tasks during
emergency situations such as floods, flash floods and urban flooding. In
Kerala, Kottayam district was selected for implementation of the
scheme. Consequent upon signing (November 2016) of MOU of two-
year validity with KSDMA, NDMA released 22.70 lakh® to GoK in
February 2017.

Audit observed that while more than half of the beneficiary States < had
completed the selection of volunteers and were about to commence
training for volunteers in 2017 itself, KSDMA forwarded the list of
selected volunteers from Kottayam district to NDMA only in February
2018. Verification of records at F&RSD and KSDMA showed that though

the allotted funds were resumed in February 2018, GoK released the

22 50 per cent of the sanctioned amount.

23 Andhra Pradesh, Delhi, Gujarat, Himachal Pradesh, Karnataka, Manipur, Meghalaya,
Nagaland, Punjab, Tamil Nadu, Tripura, Bihar, Uttarakhand and West Bengal as per the
information provided by NDMA in March 2021
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amount subsequently to KSDMA in June 2018 and KSDMA arranged
training to 200 enlisted volunteers from Kottayam from October 2018 to
March 2019. Thus, the services of the envisaged trained team of
community volunteers were not available during the floods of August
2018.

Audit further observed that the emergency responder kits®* to the
trained volunteers were distributed by KSDMA only in December 2019,
one year after the completion of training of the first batch of
volunteers, Purchase of emergency stockpile?® was still under process
(May 2020).

The Department of Revenue and Disaster Management replied
(November 2020) that

* While the project was launched in November 2016, the modalities
for implementation were briefed in the National Technical
Committee meeting on 01 April 2017 following which the first
meeting of the State Project Steering Committee was held on 31
August 2017 in which public notice for the scheme was handed
over to DDMA Kottayam for circulation. The scheme was formally
inaugurated on 13 October 2017.

®* Owing to adverse ways and means position, the first instalment
of 322.70 lakh allotted to KSDMA vide GO dated 14 March 2018

was not released and after allotment in 2018-19, the amount was

24 Kits comprising Life Jacket, Solar Torch, Safety gloves, Nylon rope, Pocket knife, First
Aid Kit, Rain coat, Water bottle etc.

25 Stockpile consisting of Personal Floatation device, Torch, Safety Gloves, Rope, Lifebuoy,
Oars, Paddles, Anchors, Bailer, OB Motor, Fire Extinguisher, Emergency Spotlight,
Stretcher, Tool Kit, Walkie-talkie, first aid kits, GPS sets etc.
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finally credited to KSDMA account in June 2018, after which alone
activities such as printing of training modules, training of

volunteers etc. could be taken up.

Fire and Rescue Services Academy was approved as the training
Academy by NDMA on 08 June 2018.

The catastrophic floods of August 2018 rendered the entire
operational machinery out of gear and KSDMA being in the
vanguard of the Disaster Management activities could not provide
attention to other matters.

The second instalment of $22.70 lakh was allotted vide GO dated
21 December 2019. Despite the delay in receipt of funds, KSCMA
managed to supply the emergency responder kits in December
2019 itself.

GeM portal through which emergency responder kits were
purchased had many glitches and required frequent
communication with GeM portal managers for rectification.
Samples of each item had to be purchased first to get assurance
of quality and this took time.

KSDMA has organised various programmes to ensure continued
participation of volunteers in the mission ‘towards safe state’.
Exposure and orientation programme (29 January 2019), training
on Civil Defence (10 December 2019), annual refresher training
for volunteers (09 to 12 July 2019), meeting with Unit

Coordinators (13 November 2019) were conducted.
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® The State is considered by NDMA as a model State in the
implementation of Aapda Mitra scheme. NDMA decided to
conduct the national review meeting in Kerala in 2020 to
demonstrate the achievements of Aapda Mitra in Kottayam
district.

®* Further, Government of India has extended (July 2020) the
project till 31 December 2020 as most States could not complete
the programme owing to {ocal implementation difficulties.

¢ Training by Fire and Rescue Services Academy commenced on
22 October 2018 after the floods of 2018 (meant for 200
volunteers in batches of 25) on specific dates. Many volunteers
dropped out citing personal and livelihood reasons, captive
nature and length of training etc. Aapda Mitra being a voluntary
capacity building programme, there is no legal provision to
demand work from volunteers who render work voluntarily
based on request.

* The programme was successful in Kerala as owing to the
pragmatic approach of NDMA, KSDMA and the DDMA, they were
able to impart a spirit of voluntarism in the participants.

During the Exit Conference, it was added that the scheme deadline has
been extended to March 2021,
Audit noticed that subsequent to signing of MoU of Aapda Mitra Scheme

in November 2016, procedural delay at various individual stages?

26 First meeting of the State Project Steering Committee took place five months after the
National Technical Committee meeting, hence request for list of volunteers was sent only
in August 2017 by KSDMA, list forwarded by DDMA. Kottayam received by KSDMA in
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resulted in distribution of emergency responder kits in December 2019,
one year after completion (October 2018) of training of the first batch of
Aapda Mitra volunteers. Thus, the disaster response skilis acquired by
the volunteers were yet to be supplemented with vital equipment for
basic relief and rescue and coordinated under the Aapda Mitra scheme
for the benefit of the local community, despite another severe flood
having affected the State in August 2019. The justification of
Government that the extension of the project (July 2020) til 31
December 2020 (and subsequently till 31 March 202t} by Gol due to the
fact that most States could not complete the programme owing to local
implementation difficulties is not acceptable as a reason for justifying
the slow pace in Kerala which has a higher degree of disaster risks as
compared to the rest of the country (Paragraph 1.2 of Kerala State
Disaster Management Pian 2016) and more so when there was only one
selected district (Kottayam) as part of the programme. Further, it was
seen that the list forwarded to KSDMA was taken directly from the
Community Rescue Volunteer Scheme list in Kottayam by the DDMA.
Being readily available, this could have been forwarded much earlier
than February 2018 to NDMA, had the level of preparedness been
higher.

Though it was stated that the F&RS Academy was approved by NDMA
as the training Academy in June 2018 only, as pointed out in Paragraph

2.5.1 of this report, the State had a Civil Defence Training Institute right

November 2017 was forwarded 10 NDMA only in February 2018, release of funds by GoK
in June 2018 and of second instalment by December 2018.
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from 2014, which if utilised as a dedicated training institute, could have
catered to the training needs of Aapda Mitra too. Further, DG (F&RS),
had earlier requested (November 2017) Revenue and Disaster
Management Department to handover the CDTI building and premises
urgently for conducting trainings of Aapda Mitra/ Community Rescue
Volunteer Scheme.

Though the reply mentioned (November 2020) that the State has been
considered by NDMA as a model State in the implementation of Aapda
Mitra scheme and that NDMA even decided to conduct the national
review meeting in Kerala in 2020 to demonstrate the achievements in
Kottayam district, Audit noted that the document forwarded in support
of the 'national review' meeting in fact pertained to a ‘regional
assessment' workshop and the contention of Kerala being a model

State in Aapda Mitra was not supported by documents.

Recommendation 2.5: The State may initiate action to operationalise the
Civil Defence Training Institute for the fulfiment of the intended
objective of training and equipping sufficient number of Civil Defence
volunteers. Civil Defence needs to be strengthened in the State through
ensuring a) adequacy of communication facilities and trained volunteers
including availability of licensed HAM radio operators, and b) avaitability
of emergency responder kits to enable timely and effective rescue
operation during emergency/disaster situations.

[Audit paragraph 2.5.3 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response io floods in
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Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-il]

Excerpts from the discussion of the committee with officials
concerned

25. While discussing the above para, the Member Secretary, KSDMA

stated that the Aapda Mitra program is a Centrally Sponsored Scheme.
Training was provided to 200 volunteers selected by KSDMA from the
Kottayam District. Subsequently, the Government of India extended the
scheme for an additional year and on completing the project the
utilization certificate had been issued. Following a review of the pilot
project’'s performance, funds were allocated to the remaining 13
districts of Kerala, and those funds have been fully utilized. Currently,
there are approximately 4,500 volunteers Statewide, with their training
and insurance coverage duly ensured.

Conclusion/Recommendation

26. No comments
2.6 Revamping of Kerala Fire and Rescue Services Academy
The Director General (Fire and Rescue Services) (DG) requested
Government of Kerala (August 2016) to allot ¥98.25 lakh? from the
savings of the 13th Finance Commission grant-in-aid for revamping
F&RS Academy at Viyyur, Thrissur. The proposal included procurement
of vital equipment for rescue operation during flood such as Self-

Contained Underwater Breathing Apparatus (SCUBA) Set (326 lakh),

27 The amount was from fund provided by 13th FC during the period 2010-11 to 2014-15 of
which 103,97 lakh remained unutilised with KSDMA. The remaining amount of I5.72
takh in the fund balance of KSDMA was approved by GoK (March 2017) to be utilised for
making the SEOC Green Energy Compliant.
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Breathing Air Compressor (% six lakh) etc. Accordingly, GoK accorded
Administrative sanction (September 2016) for the proposal and the
funds were credited by KSDMA to the treasury account of DG (F&RS) in
March 2017.
Audit observed from scrutiny of records at the F&RSD that the funds
remained idle with F&RSD until March 2018, when these were resumed
by GoK. Further examination revealed that though tenders were invited
(MayJune 2018) by F&RSD for the purchase of requisite items in 2018-19,
these had to be cancelled (August 2018) as the funds were already
revoked by GoK. Nevertheless, even without obtaining Utilisation
Certificates from F&RSD, KSDMA recorded the entire amount resumed
by GoK as expenditure for the year 2016-17.
Joint physical verification conducted by Audit along with Assistant
Director, F&RS Academy (October 2019) revealed severe shortage of
equipment, vehicles and infrastructural facilities (Appendix ll{2)) in the
Academy. With the sparse facilities available in the F&RS Academy,
Audit observed that the 3173 trainees who enrolled in Academy during
the audit period (2014-19) could not get the benefit of quality training in
simulated environment to equip them both mentally and physically for
quick response during a crisis situation.

GoK replied (November 2020) that KSDMA had to book the amount as
outgo of funds since the amount allotted and released by Government
under the supplementary grant was in turn released to F&RSD and the

same has subsequently been resumed by Government. The efforts
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made by the department to procure items in 2018-19 fell through
because the Government did not release the resumed funds mainly due
to the adverse ways and means position arising from the floods of
2018. GoK also referred to the audit contention that had the purchases
heen effected the material could have been utilised for training
purposes as hypothetical. The reply is not justifiable as KSDMA should
have monitored more closely the utilisation of funds released by it. GoK
informed in the Exit conference (January 2021) that the proposal to re-
credit the funds to F&RSD and revalidate it for the purposes for which
allotted or return the funds to KSDMA for capacity building has been
rejected (July 2020) by the State Executive Committee.

Audit notes that the shortage of equipment at the Academy was also
accompanied by shortages in Fire and Rescue stations and hence needs
immediate attention as Fire and Rescue Services Department,
established in 1962 is the dedicated force under Government of Kerala
equipped for rescue services during disasters. In exercise of the
powers vested in the Disaster Management Act 2005, KSDMA proposes
the annual fund requirements to Government of Kerala for Disaster
Management. Analysis of records relating to formulation of Annual plans
of KSDMA from 2016-17 onwards showed that though regular provision
of funds to F&RSD was made in the annual plan proposals of KSDMA
and 325 crore allotted eariier® for the purchase of modern rescue
equipment, the equipment in the test-checked fire stations was not

adequate to meet the unprecedented flood situation in 2018. The fire

28 between 2009-10 and 2012-13
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station at Chengannur, for instance, one of the worst hit areas during
2018 flood did not possess Rubber Dinghy boats, speed fibre boats or
scuba sets. Rubber dinghy boats from Tamil Nadu and Odisha had to be
depended upon. No high beam lights were available for night rescue
operations. Communication devices such as HAM radios were not seen
utilised effectively in test-checked districts.

Audit observed that urgent attention needs to be given to reviewing
availability of equipment in possession of the Academy and fire stations

across the State.

Recommendation 2.6: Priority needs to be given to review the adequacy
of equipment, vehicles and infrastructural facilities in the Fire and
Rescue Services Academy as well as in Fire and Rescue stations so that
the GoK's dedicated force for rescue services may be adequately
equipped to handle any flood or other disaster situation.

[Audit paragraph 2.6 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-li]

Excerpts from the discussion of the committee with officials
concerned

27. The Committee sought clarification regarding the audit observations
related to the renovation of the Kerala Fire and Rescue Service
Academy. The Director General of Fire and Rescue Services indicated

that the total allocated funds were not completely expended, and the
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renovation work was conducted using a portion of those funds. When
enguired about the delay in inviting tenders, the Director General
explained that the hold up was caused by delays in obtaining estimates
from the Public Works Department. He added that the audit report
pointed out the insufficiency of facilities including dinghy boats at the
Chenganoor fire station during the 2018 floods for rescue operations.
He assured the Committee that measures were being taken to address
those issues.

Conclusion/Recommendation

28. No comments

2.7. Non-functiening of Virtual Cadre for Disaster Management

The Kerala State Disaster Management Plan (KSDMP) approved
(September 2016) by Government of Kerala with its focus on disaster
risk reduction in the State, envisaged formation of a Virtual Cadre for
Disaster Management. The Virtual Cadre would principally be 15
selected individuals (one from each district and one at the State level}
from each department, with at least 20 years or more of service left.
The members of this Virtual Cadre would be the departmental nodal
officers responsible for liaising and coordinating with KSDMA and
DDMAs in disaster management. It was envisaged that the disaster-
specific nodal departments through Virtual Cadre would also work in
tandem with the State Emergency Operations Centre (SEOC) and District
Emergency Operations Centres (DEOC) for ensuring coordinated

response to disastrous events.
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Departments were to intimate to KSDMA, the names of members

nominated to the Virtual Cadre. State Government was to issue an

Executive order under Section 16%° of the DM Act, 2005 formalising the

Virtual Cadre once the selection list was approved by the State

Executive Committee (SEC). Audit observed the following;

Consequent upon the formulation of KSDMP in September 2016,
GoK issued (November 2017 and February 2018%) orders
instructing Heads of 26 Departments to furnish details of officials
to be included in the Virtual cadre to KSDMA before 31 December
2017. Eight* Departments forwarded (between November 2017
and May 2018) the lists of officials to be included in the Virtual
Cadre of disaster management. The information furnished by
five® out of the eight Departments was not in consonance with
the criteria stipulated in the Government order with reference to
educational qualification, date of entry in service and years of
service left. Though the data were returned to the departments
seeking rectification, no further response was obtained from the
departments.

KSDMA did not take up with SEC, the matter of approval of the

29
30

31
32

33

The State Government shall provide the State Authority with such officers, consultants and
employees, as it considers necessary, for carrying out the functions of the State Authority
Paragraph 5.3 of State Disaster Management Plan

Order was issued for including one more Department.

i) Commissionerate of Land Revenue, ii) Public Works Buildings, iii) Directorate of
Panchayat, iv) Directorate of Health Services, v} Directorate of Mining and Geology, vi)
Directorate of Ground Water Department, vii) Directorate of Soil Survey and Soil
Conservation and viii) CE Irrigation and Administration

i) Directorate of Panchayat, ii) Directorate of Health Services, iii) Directorate of Mining
and Geology, iv) Directorate of Soil Survey and Soil Conservation and v) CE Irrigation
and Administration
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selection lists of the three remaining departments. Consequently,

GoK did not issue executive orders under Section 16 of Disaster

Management Act, 2005 for formalising the Virtual Cadre.
Government cited (November 2020) insufficient allotment of funds and
difficulty in enrolment to a voluntary and non-remunerative service as
hurdles in impiementation of the scheme and stated that 96 officers
from eight departments have been initially provided training and
inducted and that more personnel are expected to be inducted subject
to availability of funds and willingness of officers.
To the specific question of why lists of officials of the three
Departments mentioned above were not presented to SEC and
Executive orders issued formalising the cadre, Member Secretary
KSDMA replied in the Exit Conference (January 2021) that a prudent
examination was required before finalising the cadre.
Audit is of the view that considering the envisaged role of the Virtual
Cadre in disaster risk reduction through effective liaising and
coordination with KSDMA/ DDMAs and StOC/ DEOCs, it is imperative
that the State gives attention to operationalise effectively the Virtual
Cadre across all the departments at the earliest. Since the State
Government was to issue an Executive order under Section 16 of the DM
Act, 2005 formalising the Virtual Cadre once the selection list was
approved by the State Executive Committee, non-approval of a selection
list would in effect be reflective of the relative low priority being given

to implementation of this item in the State's Disaster Management Plan.
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Since the Kerala State Disaster Management Authority currently
functions with only 27%* full time employees, the role that could be
potentially played by an active Virtual Cadre during disasters cannot be
underestimated.

Recommendation 2.7: Virtual Cadre needs to be formalised and
strengthened in the State so that the disaster-specific nodal
departments could work in tandem with the State/ District Emergency
Operations Centres through the cadre, for ensuring coordinated
response to disastrous events.

[Audit paragraph 2.7 centained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-li]

Excerpts from the discussion of the committee with officials
concerned

29. During the Committee's query regarding the audit observation

related to the non-functioning of Virtual Cadre for Disaster
Management, the Member Secretary, Kerala State Disaster Management
Authority provided clarification that the Virtual Cadre represented a
systematic approach to integrating disaster management activities
across various Departments by employing an average of 15 officials
from each Department in Government of Kerala. Training for those
officials was conducted in coordination with UNICEF. Many of the States
regarded the system as equitable; however, the transfer of personnel

emerged as a significant challenge impacting the programme's success.

34 Position as in March 2019
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it was determined that personnel with a minimum of 20 years of service
should be prioritized; however, currently, none of the Departments have
the requisite number of such officiais available, resulting in a reduction
of personnel from 15 to 7 as recommended by the Head of the
Department. Training was subsequently provided with assistance from
the Sustainable Environment and Ecological Development Society (SEED).
To facilitate the effective implementation of the programme, it is
essential to establish institutional memory among the personnel
involved. The absence of institutional memory poses substanfial
difficulties for Departments attempting to execute the programme
effectively.

Conclusion/Recommendation

30. No comments
3. Flood Forecasting and Reservoir Operation
Flood Management includes planned engineering measures (structural and
non-structural) aimed not only at controlling the flood, but also providing
optimum utilisation of stored surplus water during-lean seasons. Structural
measures include multipurpose reservoirs and retarding structures for
storage of flood waters, channel improvements to increase flood carrying
capacity of the river, embankments for keeping the water away from fiood
prone areas, improvements in drainage system etc. which have the effect of
restricting the movement of flood water into flood plains. Non-structural
measures such as fipod forecasting and warning, soil conservation, flood
proofing, flood plain zoning etc. largely depend upon how accurately the

estimation of future stage or flow of incoming flood and its time sequence at
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selected points along the river, could be predicted?=.

The devastating floods in Kerala during August 2018 severely affected 13 of
the 14 districts in the State resulting in huge loss of life and property. Kerala
received 2,346.60 mm rainfall between 01 June and 19 August 2018, which
was about 42 per cent higher than the normal rainfall of 1,649.50 mm during
the same period®. Further, the rainfall over Kerala during June, July and
August 01-19, 2018 was 15 per cent, 18 per cent and 164 per cent respectively
above normal (CWC, 2018). As the Performance audit included examining
technical aspects which required expert support, Indian Institute of Science
(lISc) Bangalore was engaged as Consultant to study the Kerala floods of
August 2018, from a hydrological perspective. The focus of the study was the
Periyar river basin which covers an area of 5,159.71 square kilometres. The
following paragraphs are the findings of Audit including those based on the
study undertaken through lISc, Bangalore.

3.1. Adequacy of rain gauges in Periyar basin

Rain gauges?¥ are instruments used by meteorologists and hydrologists
to gather and measure the amount of liquid precipitation over an area in
a predefined period of time. Measurement of rainfall at several critical
locations in the basin is extremely important because of the high spatial
variability of rainfall. The accuracy of rainfall estimation over a region
with significant spatial variability in rainfall is dependent on distribution
of rain gauges in the region. Rain gauge density?®, therefore, plays an

important role in quantifying the rainfall amount over a region.

35 Manual on Flood Forecasting, CWC, 1989

36 CWC Report, 2018

37 Rain gauges are also known as udometers, pluviometers, or ombrometers.

38 Rain gauge density is defined as the ratio of the area of the catchment to the number of rain
gauges there,
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An examination of the existing density of IMD rain gauges?® in the
Periyar basin with respect to norms stipulated by the Bureau of Indian
Standards*® was carried out by lISc, to assess the adequacy of rain
gauges in the basin. Figure 3.1 shows the locations of the existing rain

gauges and flow gauges in the basin.
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ngm 3.1: Locatlons of existing rain pnuges and flow gauges in the Periyar basin (2019
(Seerevee: IME), CWC and Irvigation Dy pariment)

The rain gauge density as recommended by BIS code (IS 4987:1994) is given
in Table 3.1.

Table 3.1: Recommended minimum rain gauge density

Rain  gauge density

[Region type (sq. km per gaage)y
00

;rl“.'l ains

chl_unk with average L']l:\'ut_'!til_;l of 1000 m E_‘}_’_‘“"-' \l_‘il _i B . 250-400
Hilly areas with heavy rainfall - | 150
{Sourve: BIS Code, IS JORT: 190:E)

39 IS 5225:1992 provides that the Director General of Meteorclogy, New Delhi has been
designated the sole authority for ensuring the correct rainfall registration in India.
40 IS 4987:1994 Recommendations for establishing network of rain gauge stations.
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Periyar b‘asin is characterised largely as a hily terrain upto
Neeleswaram and receives heavy rainfall. Therefore, according to the IS
4987:1994 one rain gauge per 150 sg. km is required in the basin, up to
Neeleswaram (Region type [ll), whereas, the area downstream of
Neeleswaram lies in the Region type | (Plains) and therefore requires
one rain gauge per 500 sq. km. The Periyar basin is divided into a
number of sub-catchments. The details of additional rain gauges
needed in the catchments are given in Table 3.2.

Table 3.2: Number of IMD rain gauges in place and additional numbers required
' Density of rain Minimum mumber Existing number Additional

:('utchnwnl (:;”i:m] gauge required pf rain gauges of IMD rainnumbers
. e s (sq.km/gauge) required gauges required
Start of the basin

boundary il Vandiperiyar |01 10 | 5 | 9: el |
Tdukki | 569.55| 150 4 . 1 . 3
Tdamalayar | 469.49| 150 4 | 0 1
Free Periyar (downstream of| -

Idukki and Idamalayar ull  2367.22 150 | 16 2 14
Neeleswaram) _ ; ‘
Downstream of Neeleswaram|  1015.83| 500 | 3 . 3 | 0
Total 515971 | 32 [ 26

{Source: Kerala Floods 2018 Report of HSc, Bangalore, Julv 2020)

It is therefore evident that agaist the recommended minimum
requirement of 320rain guages in the Periyar basin, only six rain guages
were in place. Audit observes that the shortfall of 26 rain gauges in the
basin resulted in lack of real time data on spatially distributed rainfall
which could have an adverse impact on flood forecasting and alleviation
measures.

Additional Chief Secretary, Water Resources Department, GoK, stated
(November, 2020) that the Irrigation Department maintains 10

meteorological stations with rain gauges in Periyar basin. Audit was also
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informed that installation of 18 Tipping Bucket Rain Gauges was in
progress and Government intends to develop a full-fledged inflow
forecasting and flood early warning system National Hydrology Project
(NHP).

Though agencies like KSEBL, Irrigation Department etc. maintain rain
gauges in Periyar basin, IMD informed (February 2021) Audit that only
data generated by those gauge stations conforming to IMD standards
(measured at 0830 hours IST daily and reported to IMD) is utilised by
IMD. Since data from Irrigation Department gauges were not utilised by
IMD, they were not considered while assessing the adequacy of rain
gauges in Periyar basin. However, as the already installed/ proposed to
be installed rain gauges under the NHP could also be useful for
increasing the accuracy of rainfall estimation by IMD, the Irrigation
Department may examine the feasibility of sharing of data with the IMD
for the purpose by ensuring that the gauges conform to IMD
specifications. This needs to be prioritised as irregular distribution of
rain gauges could create an information gap in time and space,
uitimately hindering decision-making.

The Government further replied (April 2021) that the equipment for
installing 18 Tipping Bucket Rain Gauges in Periyar basin under National
Hydrology Project have IMD specifications and therefore, the data
generated by TBRGs of Irrigation Department could be used by the IMD.
Nine of these have already been installed and the remaining nine TBRGs

will be installed, commissioned and made fully operational by 31 May 2021,
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Recommendation 3.t Adequacy of the number of rain gauges capable of
generating real time data in order to ensure accuracy of rainfall
estimation may be ensured. System of sharing data from rain gauges

with IMD must be put in place at the earliest.

3.2. Adequacy of flow gauge density in Periyar Basin

Flow gauge* density helps to determine the minimum network of flow
gauges required to avoid serious deficiencies in developing and
managing water resources®. Adequate flow gauge density is especially
important in flood prone regions to provide useful information on flow
depth/ discharge to help in operational decisions.

Audit observed that against the requirement of three flow gauges in the
5,159.71 sq.km. Periyar basin as per World Meteorological Organisation
2008 norms (one flow gauge per 1,875 sq.km. hilly terrain), five fiow
gauges were installed in the Periyar basin by CWC and the Irrigation
Department, of which three gauges at Kalady, Mangalapuzha and
Marthandavarma are maintained by the Irrigation Department and the
other two gauges at Neeleswaram and Vandiperiyar are maintained by
the CWC. Thus, the existing number of flow gauges in the basin as a
whole, was adequate. However, there was shortfall of one flow gauge
in the free Periyar catchment, comprising of 2,367.22 sq.km of hily
terrain. Thus, in addition to the Neeleswaram flow gauge, an additional

flow gauge needs to be located just upstream of Bhoothathankettu

41 Flow gauge is a device that measures flow rate of a liquid, gas or steam. It could be
measuring, for instance, the velocity of fluid over a known area.
42 Source: World Meteorclogical Organisation (WMO), 2008,
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barrage*, which is a major control point in the basin, receiving flows
from a large free catchment (contributed by Perinjankutty, Pooyamkutty
and Muthirapuzha tributaries and overflows/ spills from Idukki, Lower
Periyar and !damalayar dams).

Additional Chief Secretary, Water Resources Department, GoK replied
{November 2020 and April 2021) that in addition to the three gauges in
the Periyar basin, it is proposed to install - three** Radar Level Sensors
(RLS) under NHP, Once it is fully operational, it is expected that heavy
flow from upper catchment of Bhoothathankettu could be. measured and
observed on real time basis. Chief Engineer, Irrigation Design and
Research Board (IDRB} has assured that the RLS, which will provide real
time data in every 15 minutes, will be commissioned and made fully
operational by 31 May 2021

[Audit paragraphs 3.1 and 3.2 contained in the Report of the
Comptroller & Auditor General of India on Preparedness and
Response to floods in Kerala] -

[Notes received from the Government on the above audit paragraph
are included as Appendix-II)

Excerpts from the discussion of the committee with officials
concerned

31. During the discussion, the Chief Engineer, Irrigation Design and

Research Board & Irrigation and Inter State Water, Thiruvananthapuram
informed that according to the available data, the Department
maintained 10 rain gauges, while the Indian Meteorological Department

(IMD) managed 6 rain gauges within the State during the 2018 floods.

43 TIISc Report on Kerala Floods by P P Mujumdar et al
44 at Bhoothathanketiu, Malayattoor and Neriyamangalam
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However, there were complaints regarding the fack of reai-time data
from the IMD-operated rain gauges. In response to the findings derived
from the 2018 flood event, the National Hydrology Project had thus far
installed 18 real-time data rain gauge systems. Additionally, four further
real-time data rain gauge systems had been implemented to ensure the
acquisition of timely information. In light of the grievances concerning
insufficient rain gauge density, inspection of existing 32 stations
revealed inadequate representation of rain gauges in only some forest
areas of Idukki District.The Chief Engineer assured that accurate rainfall
data would be received from all the 32 stations, and in future, data
would also be shared from the 18 operational rain gauge systems.
Furthermore, a Water Resource Information System had been
established to facilitate data sharing among the Kerala State Efectricity
Board, the IMD, and the Disaster Management Authority.

32. The Principal Accountant General highlighted that the report
indicated the need for an additional 26 rain gauges and enquired
whether the current number of rain gauges was adequate, as well as if
data sharing with the IMD was feasible. In response, the Chief Engineer
confirmed that there were 28 rain gauge systems in operation and that
they were willing to share data with the IMD. The Principal Accountant
General indicated that the response submitted by the Department
lacked clarification. Subsequently, the Member Secretary, Kerala State
Disaster Management Authority replied that, according to the report

furnished to the Central Meteorological Department in 2018, 100
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additional automated weather stations were established in Kerala, with
80% of them operating satisfactorily. It was noted thal readings from
rain gauges instalied by the IRDB were being utilized as part of the
Intensive Agriculture Development Programme (IADP). However, data
from rain gauges implemented by the State Disaster Management
Authority and approximately 200 private weather statlions in Kerala
were deemed unacceptabie, as they failed to meet the quality controt
standards set by the India Meteorological Department {(IMD}. This data
had been utilized by the State Disaster Management Authority solely for
observational purposes and not for forecasting applications.
Furthermore, the Member Secrelary emphasized thal data would only
be incorporated into the Numerical Weather Prediction System if there
is a minimum of ten years of stable observational data, which is not
feasible in the context of Kerala. Additional criteria stipulate that the
placement area must extend 12 meters in both length and width, and it
must be devoid of trees or buildings in the vicinity.

33. During the discussion, the Chief tngineer, Irrigation Design and
Research Board & Irrigation and inter State Water, Thiruvananthapuram
reported that in 2018, only three flow gauges were operational. There
was a notable shortfall of six gauges at that time. Currently, the total
number of flow gauges had increased to nine, thereby improving the
capacity for water flow monitoring and management.

Conclusion/Recommendation

34. No comments
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3.3. Flood Forecasting Stations not set up in the State

The activity of flood forecasting includes level forecasting and inflow
forecasting. Level forecasts are issued once the water level in a river
touches a pre-defined warning level (usually one meter below the
danger level but dependent on threat perception of the particular
location). The level forecasts help user agencies in deciding mitigating
measures like evacuation of people and shifting people and their
movable properties to safer locations. Inflow forecasting is used by
various dam authorities in optimum operation of reservoirs for safe
passage of flood downstream as well as to ensure adequate storage in
the reservoirs for meeting demand during non-monsoon peried.

Audit noticed that CWC requested (November 2011) Government of
Kerala to provide the list of reservoirs which required inflow
forecasting stations and list of cities/ towns for flood forecasting
purpose. CWC confirmed (August 2019) to Audit that GoK did not furnish
the details and hence, no Flood Forecasting Stations (FFS) were set up
by the CWC in the State. [his was despite 275 flood forecasting
stations having been set up by CWC across the country by the year
2017.

The Department of Water Resources (WRD) replied (November 2020)
that the Irrigation Department had to address specific technical matters
such as the technology of flood forecasting proposed to be used,
usability of the system in steep, flashy rivers in Kerala. The viability of

an effective forecasting system suitable for peculiar terrain of Kerala
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was discussed with CWC officials on several occasions.
Audit however noticed that subsequent to floods of 2018, three level
forecasting stations and two inflow forecasting stations were installed
(2019) by CWC in the State indicating the suitability of the FFS in the

N

State.
The Department informed (April 2021) that the list of flood prone cities/
towns requiring flood forecasting stations and also the list of
reservoirs, which need inflow forecasting has been forwarded on 17
April 2021. Government is on course to develop a full-fledged inflow
forecasting and a flood early warning system under National Hydrology
Project operational in all river basins in Kerala for real time monitoring
by installing 99 Tipping bucket Rain Gauges, 56 Radar Level Sensors
and 13 Automatic Weather Stations. Equipment including data loggers
have been procured and 33 TBRGs, one RLS and seven AWS installed
and the remaining would be installed by 3t May 2021.
The failure of GoK to provide list of reservoirs and cities/towns to CWC
resulted in non-installation of FFS in the State and resultant deprival of

data which State could have utilised for flood forecasting purpose.

[Audit paragraph 3.3 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-lIl]

Excerpts from the discussion of the committee with officials
concerned

35. When the Committee enquired about the above audit obsevation,
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the Chief Engineer, Irrigation Design and Research Board & Irrigation
and Inter State Water, Thiruvananthapuram explained that the
forecasting data from the Central Water Commission (CWC) was only
available for the ldukki and Idamalayar projects. Additionally, the CWC
acknowledged the request for flood forecasting at Mullaperiyar.

Conclusion/Recommendation

36. No comments
3.4. Non-completion of a project intended for obtaining data
required for flood management

The project Modemisation of Hydrology Information System implemented by
Irrigation  Department, GoK involved supply, installation and
commissioning of Real Time Data Acquisition System (RTDAS) capable
of delivering real time data on rainfall, streamflow etc. and assuring
data retrieval for a specific period without interruption. The objective of
RTDAS was to provide reliable hydrological information required for
flood/ drought management, water availability and quality management,
streamflow forecasting, integrated operations of reservoirs etc.

Based on competitive tender, the work was awarded (April 2014) to the
fowest bidder+ for ¥1.34 crore with time of completion (TOC) as three
months (July 2014). The TOC was initially extended up to 25 October
2014 based on the supplier's request. Citing delay in installation of
server (to be done by Irrigation Department), it was extended upto 30

September 2016. No further extension of time was provided and ¥30.19

45 M/s. Astra Microwave Products Ltd, Hyderabad
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lakh being the cost of 14 Radar Level Sensors (RLS) was paid to the
firm in June 2016. Audit observed that though all the equipment were
installed, many of them were not functional (status as of August 2020)

as detailed in Table 3.3,
Table 3.3: Status of Reaf Time Data Acquisition System

;Iln Ytem of work {uantity | Unit rate ;;:{;i;{umd ‘;\T::tzuuiiﬂgﬂe;ﬁt]mjm iasafd
[ Supply, mstallztion, testig wd commissionmg of ' ' Dasa from ove TBRG wes |
1 CFipping Bucket Ram Gauges (TBRGH with dam # 908 032640 | et being recetved n the
collection platform consisting of dats Jogger _ | B | ventral server,
Sopply. installation, testing and commissioning of Dufa from nine AWS was
2 Awomac Westher Stabons (AWS) with data 18 2653000 5040700 | not being received i the
collection platform eonsisting of data bogger _ . Lcentral server,
Supply. msm}latbn. lesﬁiug.“nfi.rommszsnnulg af Dats trom five RLSs was
Radar Level Sensors (RLS} in river gauging siabons R, e o . wLr
} with data collection plaform consisting of dats 1§ Z75108) 31,800 ) ex teiog receret dn the
losser central senver.
| Installation and commissioning of ground station . (.mn;;;)m in June
4 |consigting of telemetry GSM/GPRS transmission [ 235000 LB
system and software 1o evaluate sireams of data e
Total (less discount offered two per cent L06,33,137|
AMC for five years afler two years’ warranty period 27.64.200 |
Grand total _ ' | 133,97 337

 (Source: Duta furnished by the Irrigation Department)

The Department had also noticed errors in data received from certain
equipment and had intimated Audit that the process of verifying the
reliability of data by comparing it with manual data was underway. Audit
noticed that though more than five years have elapsed, the objective of
obtaining real time hydrological data useful for improving flood
management capabilities remained unachieved.

Government replied (November 2020 and April 2021) that even though
instruments with IMD calibration and certification were installed, the
instruments failed to deliver reliable data on real time basis. Most of the

data could not be retrieved through data logger and showed variations

46 The firm had quoted 11.82 and 54.16 per cent less than the estimated amount for
equipment and AMC respectively.
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when compared with manual reading. Despite Irrigation Department’s
constant follow-up, the firm did not attend to the same. Notice to the
firm was -issued on 16 April 2021 for termination of contract and the
concerned Chief Engineer has been directed to take steps to blacklist
the firm for breach of agreement conditions.

[Audit paragraph 3.4 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in
Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-Ii]

Excerpts from the discussion of the committee with officlals
concerned

37. During the discussion, the Chief Engineer, Irrigation Design and
Research Board & Irrigation and Inter State Water, Thiruvananthapuram
submitted that the Department had entrusted M/s. Astra Microwave
Products Ltd. with the installation of a Flood Forecasting System. Due to
the firm's inadequate response it had been blacklisted and the
Department wouid ensure that the remaining works would be completed
promptly.

Conclusion/Recommendation

38. The Committee notices that the project intended for obtaining
real time hydrological data useful for improving flood management
capabilities remained unachieved even after an elapse of more than
five years. Therefore, the Committee directs the Department to
complete the remaining works as early as possible and report it to

the Committee urgently.
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3.5. Inadequacies of State Emergency Operations Centre

3.5.1. Non-availability of data required for the functioning of
Decision Support System established in State Emergency
Operations Centre

The State Emergency Operations Centre (SEOC) is the research and
technology laboratory of KSDMA and is the State nodal office for the
coilection, compilation and analysis of data received from ail
Government departments and institutions on a no-cost basis. DM Plan
2016 envisaged SEOC to he equipped with a full-fledged state-of-the-
art [T and Communication network with an intelligent Decision Support
System (DSS) capable of prediction and early warning of major hydro-
metecrological hazards and support for emergency operation.

The work of setting up an Information Technology and Communication
System (IT & CS) in SEOC which includes DSS was awarded {April 2016)
to Keltron, a State Public Sector Undertaking with the targeted date for
completion of work fixed as April 2019. The estimated cost of the
project was 5.96 crore to be met from the 13™ Finance Commission
grant. The work was to be completed in three phases. While the first
phase involving IT set up, base configuration etc. was completed in
January 2017, the second phase which involved development of Decision
Support System, Standard Operating Procedure etc. was completed in
October 2017. The third phase viz., scaling to the new SECC building and
continued handhoiding remains to be completed (March 2020). KSDMA
stated that 85 per cent of the project was completed and payment of

34.54 crore made to Keltron till date (October 2019). The target date
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for completion was extended up to 31 March 2020 at the request of
Keltron.
According to the Flood Management Organisation of Central Water
Commission, flood forecasting requires hydro-meteorological data on
real time basis at least hourly or sub-hourly for the parameters of
rainfall and water level. According to the pre-deveiopment solution
design document prepared by M/s. Element Blue* for KSDMA, 10 sets
of real time data which includes rainfall, temperature, humidity etc. were
to be provided by KSDMA.
KSDMA stated (March 2020) that though the DSS was capable of
ingesting multiple real time data, KSDMA was unable to enable this part
since no real time data was provided by IMD, CWC or Geological Survey
of India. Audit examination of records to ascertain reasons for dearth of
real time data necessary to make the DSS fuily operational, revealed
the following.

* None of the 69 manual rain gauges utilised by the Indian
Meteorological Department (IMD) generate real time data. Real
time data is obtained only from the seven functional Automatic
Weather Stations and 10 Automatic Rain Gauges of IMD.

* The 22 rain gauges instalied by KSEBL aiso do not generate real
time data.

e QOut of the 39 river gauges operated by Central Water

Commission, only one generated real time data. However, Audit

47 M/s. Element Blue prepared the solution design document which describes the system
requirement, operating environment, system and sub system architecture, files and
database design, input formats, output lay-outs detailed designs.
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observed that KSDMA had no access to this data, though CWC
was sharing data from this telemetric station with the Karnataka
State Disaster Monitoring Centre.

* Audit noticed that the DSS was to function on the basis of 10
available data sources which included, inter alia, weather data
source {rainfall, temperature, humidity etc.), satellite irnages and
derivatives, water data (reservoir water level, river flow data
etc.), seismic data etc. However, Audit observed that historical
data available with KSDMA was limited to rainfafl, temperature,
humidity and dry bulb temperature (provided by IMD).

® The Flood Hazard Susceptibility map prepared by NCESS in 2010
has been configured in the DSS despite it not possessing the
necessary characteristics of such a map, as pointed out in
Paragraph 2.4 of this Report. Since the DSS looks up in this map
for the nearest rainfall scenario and identifies the nearest
probability scenario from the look up library and uses it for
identifying criticai assets*®* and areas needing external
assistance®, the inadequacies of the map would impair the
capabilities of the DSS.

Audit noticed that before commencement of the IT and CS project, the
State IT department had raised doubts (June 2014) about the availability
of data and cost involved in collection of data. KSDMA clarified (July

2014) that weather data (near real time to daily), seismic data (near real

48 critical assets such as schools, haospitals, shelters etc
49 Source: Pre-development solution design document.
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time), reservoir data (daily digital from KSEBL) and historical data from
IMD and Irrigation Department (stream flow) were available with KSDMA.
Being the nodal agency for collection, compilation and analysis of data, it
was incumbent upon SEQC to ensure availability of required data for
prediction and early warning of major hydro-meteorological hazards
and intelligent support for emergency operation. However, as per
details furnished to Audit, data presently available with SEOC was
limited. The absence of real time/ historical data and an adequate flood
hazard map would impair the functioning of the DSS.

Department of Revenue and Disaster Management in its reply dated
(December 2020) stated the following points;

¢ Establishing warning systems and providing disaster alerts are
the functions of notified Central agencies under the Disaster
Management Act 2005/ NDM Plan and not of KSEQC.

* Decision Support System of KSDMA is not for analysing raw data
and generating alerts. KSDMA's function is confined to crisis
management in accordance with the magnitude of an event as
projected by the notified agencies.

* KSDMA referred to GOs dated 18 October 2019 and 06 May 2020
as exampies of KSEOC's efforts for ensuring real time data.
Since 2017, it has been engaging with IMD (which has statutory
responsibilities laid down in NDM Plan) for sourcing real time
data.

* CWC has only one real time monitoring station in the State. 1t is
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the responsibility of CWC to have increased the number after
assessing the hazard potential. Kerala was never identified
nationally as a priority State for implementation of flood
monitoring systems. Detailed demands of KSDMA for improving
flood forecasting was placed before CWC (March 2017) and the
Rajya Sabha Committee on Petitions {30 May tc 02 June 2017).

* QOne of the fundamental requirements of reai time operations is
the availability of accurate river flow forecasts. The diiemma of
prudent inflow forecasting is reflected in the counter affidavit of
Government of India in WP (C} 2996 of 2618 where CWC has
admitted the limited scope of riverine flood forecasting systems
in Kerala. The technology and science are not developed as yet
to implement a pragmatic and usable forecasting system in
Kerala's flashy rivers. Until these technical bottlenecks are
resolved, it is not possible to determine the feasibility and
usability of inflow forecasting and flood forecasting in the rivers
of Kerala. Hence, Audit observation that KSDMA/ KSEOC should
have such data was contested.

* DSS of KSDMA is a management decision making tool and not
meant for such analysis.

e KSDMA possesses data of satellite images, various derivatives
such as slope, aspect, NDVI, Seismic Catalogue etc. as well as
reservoir data, together with over 60 geospatial data. KSEOC

utilised the available data for providing risk maps to districts®® for

50 by email with maps dated 28.07.2018 from KSEOC to0 DEOC
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enabling crisis management. Maps of immediate threat zones due
to any opening of shutters of Cheruthoni dam of Idukki reservoir
overlaid with satellite images were provided to DEOCs of Idukki,
Thrissur and Ernakulam on 28 July 2018 based on the inundation
history of 2013 and rapid assessment of available satellite
images.

¢ The Flood Susceptibility Map of Kerala is accurate enough for all
practical purposes and can be used for DM preparedness till
such time as CWC is able to provide large scale flood prone area

maps.

* KSDMA was in receipt of daily rainfall data from IMD. Seismic data
was available real time during the period from KSEB- KSDMA
joint project. Reservoir data of KSEBL reservoirs was available in
digital format from KSEBL as well as historic data from IMD,
Irrigation department and Ground Water department. Inadequacy
of real time monitoring systems of Central agencies is a reason
for KSEOC developing a system with futuristic data management
possibility.

Audit observes that the DM Plan 2016 envisaged SEOC to be

equipped with a full-fledged state-of-the-art IT and Communication

network with an intelligent Decision Support System (DSS) capable
of prediction and early warning of major hydro-meteorological
hazards and support for emergency operation. Even two years after

the targeted date of completion of Aprit 2019, the system cannot be
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relied upon to predict and give early warning of major hydro-
meteorological hazards since its effective functioning is dependent
on the receipt of externally sourced real time data which is yet to
be made available. The IT department of GoK had even before
commencement of the project raised doubts about the availability of
data for functioning of the DSS. The reply of GoK is silent about how
DSS is to be optimaily used by KSDMA in the absence of required
data and how the State proposes to meet the pressing need of an
effective early warning system. The inadequacies of Flood Prone
Area Map of the State and the lack of GoK response to the request
of CWC to install Flood Forecasting Station bhave aiso been
discussed in Paragraphs 2.4 and 3.3 of this Report. Prudent project
implementation would require the consideration of the likelihcod of
essential inputs being available in time, for effective functioning of
the system and fulfilment of what is stated in the State's Disaster
Management Plan.
Recommendation 3.2: Keeping in view the criticality of flood
management projects and in order to ensure their successful and time-
bound implementation, Government may ensure that projects for
procurement/instaliation of systems meant for flood management such
as information systems, decision support system etc.,
() are entered into only after fulfiment of a pre-determined common
list of prerequisites as well as consideration of aspects such as a) the

likelihood of timely availability of input data from all sources inciuding




B8 |

77

external sources, b) whether Government would be in a position to
meet its commitments such as installations of servers without detay,
previous experience of bidders etc. and

(ii) are covered by a stringent monitoring mechanism with clearly
defined responsibilities and accountability.

3.5.2. Maintenance of Communication Infrastructure

The Disaster Management Act, 2005 envisages that the State
Executive Committee would ensure that communication systems are in
order. Recognising that communication systems were the first to be
affected in the event of a calamity, the Handbook on Disaster
Management issued by KSDMA therefore required all Emergency
Operations Centres (EOC)*® to have built-in redundancy of different
layers of communication networks for ensuring effective communication
system even during the most adverse circumstances. Keeping
communication system in order even during the most adverse
circumstances would be one of the main functions of the EOC.
Tahsildars of Idukki and Chalakudy Taluks informed Audit that there was
total failure of communication infrastructure in their respective areas
during the floods of 2018. Assistant Engineer (AE) in charge of

Poringalkuthu dam in Thrissur informed Audit that communication

51 Section 22(2)(p) of the Disaster Management Act 2005

52Recognising the need for such a State-level dedicated facility for disaster management, the
Government of Kerala (GoK) has established the State Emergency Operations Centre (SEOC).
The SEQC is envisaged to cater to varying levels of disasters with a state-of-the-art Decision
Support System (DSS), integrated with a multichannel communication neiwark. It has
advanced redundant satellite-based communication network (National Disasier Management
Services Project) and multi-channel terrestrial communications systems including VHF, GSM,
4G, 3G and broadband internet connectivity. (Paragraph 1 and 2 of the EOCESFP 2015,
renamed in 2019 as Orange Book of Disaster Management).



78

infrastructure in the dam had failed on 16 August 2018 and could be
restored only after one week. Similarly, AE of Lower Sholayar dam
(Thrissur District) informed Audit that a landslide had occurred during
the 2018 floods obstructing the road to dam office and no reliable and
uninterrupted communication facility was available in the dam site. The
official at the dam site had depended on the mobile network of Tamil
Nadu which was available at So‘fne distance from the dam. Cfficials of
both the dams intimated Audit that failure of communication network had
created difficulty in contacting higher authorities for help and directions.
Audit, therefore examined the status of implementation of various
projects/ schemes meant for ensuring failsafe communication in the
State as availability of reliable communication systems would be integral

to flood preparedness.

The Revenue and Disaster Management Department informed
(November 2020) that uninterrupted communication systems>’ required
in SEOC and DEOC to combat disaster as laid down in the Orange Book
include dedicated mobile phone, optical fibre internet, hotline,
landphone, Fax, VSAT module, Satellite phones, police wireless,
Whatsapp groups, Facebook, Twitter, dedicated email, HAM radio and
YouTube channel. The healthy mix of civilian and official communication
systems through several media reduces significantly chances of

communication failure. When one system fails, another would be used

53 According to the reply of Government there are 16 types of communication systems,
however, the
reply as well as the Orange Book lists only 14 types of communication system,
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and none of them is an always-on system. It acknowledged that GSM,
telephonic and internet communication was temporarily disrupted in
parts of Idukki due to power failure and optical fibre disconnection and
the Celi-sites on Wheels (CoWs) deployed provided the required
connectivity. Deployment of communication systems at dam sites was
taken care of, adequately by dam owners and management of dams
was not a function of KSDMA.

Audit observes that the Disaster Management Act 2005 does not
exclude communication systems at dam sites from the purview of the
SEC or KSDMA.

The deficiencies in maintenance of effective communication systems, as
noticed during the course of audit, are detailed below.

3.5.2.1. National Disaster Management Services

The National Disaster Management Services (NDMS), a project
implemented by National Disaster Management Authority, envisaged to
provide to States,failsafecommunication infrastructure® and technical
support®, Thus, VSAT>* phones were installed by BSNL at the SEOC at

Thiruvananthapuram and DEOCs at Idukki, Ernakulam and Wayanad

54 NDMS is a grant-in-aid in kind project to establish a satellite-based communication
network in all States. In Kerala, the project is implemented in creating satellite-based
communication linkages between SEOC and DEOCs of Idukki, Ernakulam and Wayanad.
The instrumentation includes VSAT Connectivity, Satellite Phones and HF Radio sets. The
satellite-based network was to provide additional redundancy in communication. The
project was implemented by SEQC vide GO (Rt) No. 2203/2016/DMD dated 30 March
2016. MoU was entered between the NDMA and Government of Kerala on 05 May 2016
for the implementation of the project with duration of 24 months (EOCESFP 2015,
renamed in 2019 as Orange book of Disaster Management). Paragraph 4 of the revised
scheme proposal for NDMS pilot project for satellite-based communication network refers
to failsafe communication infrastructure.

55 Source: Paragraph 4 of revised scheme proposal for NDMS pilot project for satellite-based
communication network.

56 Very small aperture terminal
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during March and April 2016 respectively. Satellite phones were also

provided to these districts after the floods of 2018 for providing

additional redundancy in communication. Government of Kerala also

nominated (March 2016) the Member Secretary, KSDMA as the nodal

officer for the Project.

Audit examined the status of the VSAT communication system/ satellite

phones in the test.checked districts and noted that the system was not

completely dependable as seen from the foliowing;

Audit was informed (October 2019) by the Additional District
Magistrate, Idukki that VSAT connection was not working
regularly and that voice of the speaker was not audibie. the
connection was not working from 15 August 2018 and that only
after issuing many reminders to SEQC was it repaired in
December 2019.

It is significant that VSAT was not functional in Idukki during the
floods of 2018, when terrestrial and mobile communication
network in the district had failed. Further, the system in Idukki
district became functional after over a year.

VSAT at DEOC, Ernakulam remained non-functionai for about 45
days during January-November 2019. VSAT at DEOC, Wayanad
was non-functional in October-November 2019 as per SEOC,
Thiruvananthapuram records.

Audit observed that even in SEOC which commenced operation in

its new premises at Thiruvananthapuram from January 2019,
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VSAT was re-instalied only in November 2019. SEOC could not
utilise this communication tool for about 10 months. NDMA also
informed SEOC (November 2019) that daily testing of VSAT sites
at SEOC, Thiruvananthapuram and DEOC, Idukki indicated either
faulty or non-responsive systems and required that these VSAT
sites be made functional.
®* Audit noticed that though satellite phones had been made
available at DEOCs and dams, they would not function indoors
and were unreliable during overcast conditions. The inability of
Satellite phones to function during adverse weather conditions
affects its effectiveness as a means of communication during
disaster.
¢ Joint check conducted by Audit along with departmental officers

at DDMA Idukki (25 October 2019) revealed that the satellite
phone was non-functional. ADM Idukki cited expiry of validity
period of satellite phone connection as a reason for non-
functioning of sateilite phones.

The Department responded (December 2020) that NDMS is not a fail

proof communication system but an alternate communication system

along with the other systems provided by KSDMA. Performance of

NDMS depends on BSNL for bandwidth and hardware maintenance, ISRQ

for satellite health, KSEBL for power, weather systems for cloud cover

and failure of any of these can result in the system becoming non-

functional. Inadequacy of bandwidth was reported to NDMA in December
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2016. Ensuring connectivity through ISRO bandwidth was BSNL's
responsibility. KSDMA informed BSNL and NDMA in September 2016 that
the system was agreed to be commissioned only after imparting
necessary training to its engineers and ensuring seamless functioning.
Initial handing over of systems occurred only on 05 October 2018 and
final handing over on 01 and 02 February, 2019 after training of DEQOC
and SEOC staff at BSNL. The department stated that Audit was
commenting on a non-commissioned system. Since handing over, the
system was augmented further and is maintained meticulously. It added
that all complaints other than power related, could only be reported to
the toll-free number of BSNL. The logbook of VSAT at SEOC indicated
that calls were made to DECC, Idukki on 10 August 2018, 30 August
2018, 14 September 2018 and 19 November 2018. The log also indicated
that the system did work prior to and during the flood and the voice of
the speaker was clear. As regards the relocation of VSAT to the new
SEOC premises after a gap of one year, the department stated that
KSDMA took all possible steps to operationalise the VSAI terminal
through frequent requests to BSNL and intervention of NDMA. Satellite
phones were delivered on 17 August 2018. As it is with any satellite
signals, reflectivity interference could affect signals temporarily in
cloudy conditions and high solar insolation. Possibility of purchasing
antenna to enable indoor use of the device is being explored with BSNL.
The nonfunctioning of satellite phone during physical verification was

attributed to the lack of support from the service provider who got it
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functional on 22 November 2019 after detailed proposal for recharge
was received from him on 13 November 2019. The reply added that
during the short durations when satellite phones were non-functional,
there were other communication systems to supplement the failsafe
communication.

Audit observes that the department's response corroborates the audit
observations as the NDMS system (VSAT and satellite phone) with all its
limitations did not provide assurance of being a fully dependable
communication system. The observations of Audit regarding the
nonfunctioning of VSAT and satellites phones are based on the remarks
provided by end users, i.e., ADM (Disaster Management), Idukki,
engineers in dam sites and officials at DEOC. Audit observed that no
entries were made in the VSAT log maintained by DEOC, [dukki after 26
March 2018. Further, the reply of Government that functioning of
Satellite phone is temporarily affected during cloudy conditions and high
solar insolation, is supportive of the audit finding. As regards the
Department's contention that commissioning of VSAT had not taken
place by the time of the 2018 floods, the fact remains that the system
was being relied upon by the end-users from March/ April 2016 and the
department itself lists and recognises VSAT module among the
effective communication systems foliowed in KSDMA. As part of its
normal time functions, the SEOC was to ensure proper functioning of

multi-channel ailternate communication systems.5’

57 Paragraph 4.1 of EOCESFP 2015, renamed in 2019 as Orange Book of Disaster
Management
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3.5.2.2. Non-functional Very High Frequency Radioc communication
system
The Department of Revenue and Disaster Management established® a

network of 379 Very High Frequency (VHF) Radios®® in the State (2010)
for enforcing effective early warning system with an outlay of ¥2.65
crore. VHF radio network of KSDMA is a wireless communication
technology similar to that used by the Police Department. The
advantages of VHF communication over other forms of communication
includes its ability to function in severe weather conditions as the
equipment is shock and dust proof, resistant to humidity and able to
work with a 12-voit battery.

A survey conducted by Audit in 2013 for inclusion in the Report of
CAG®*, had revealed that 82 per cent of the equipment were non-
functional, due to improper installation, non-execution of repair works
and absence of technically skilled personnel. The letter of Director,
Institute of Land and Disaster Management (ILDM) (January 2018)
addressed to Additional Chief Secretary, Revenue and Disaster
Management, GoK also indicates that VHF network was inactive since its
installation. Audit observed that an amount of ¥35 lakh (November 2013)
was provided to ILDM for engaging technical staff to revamp® the VHF

equipment at Collectorate and Taluk level and subsequently 130

58 with the financial assistance of UNDP and the Tsunami Rehabilitation Programme

59 State level — 5, Revenue Divisional Office - 2, District level - 14, Taluks - 63 and
vulnerable Village -295.

60 Report of C&AG of India on General and Social Sector, Government of Kerala for the
year ended March 2013. The survey was part of Paragraph 3.9 ‘Unfruitful expenditure on
Early Warning Systems’. The paragraph was discussed in PAC and PAC had sought
additional details from Revenue and Disaster Management Department.

61 for repairing nine out of 14 VHF supplied to Collectorates, 24 out of 64 VEHF supplied to
Taluks and three out of five Repeaters.
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equipment were repaired. However, the revamping activities were
abandoned in November 2016 due to lack of further Government
sanction. A revamping proposal of ¥1.28 crore submitted to GoK by
ILDM (January 2018) is yet to receive approval (December 2019). VHF
equipment which was installed incurring an expenditure of 32.65 crore
to ensure hassle free communication was not functional during the
floods of 2018 in any of the test-checked District Collectorates and
Taluks. Deputy Collector (DM) Idukki stated (December 2019) that they
were dependent on the VHF maintained by Police for communication
during the floods of 2018. Taluks and villages which are involved in
ground level relief and rescue works during disaster have to depend
mainly on land phones, email, CUG mobile network and a fully functional
VHF would be a step towards strengthening the communication network

at the ground level.

The Revenue and Disaster Management Department responded
(November 2020) that as VHF systems were meant not for day-to-day
communication but for use in periods of disaster (unlike in the Police
department), they are liable to frequent repairs on account of
prolonged idling. VHF systems were used intermittently after the
warranty period depending on the periodic repairs. The asset installed
in 2008-10 being more than 10 years old had outlived its normal useful
life. Any further spending on the asset would result in unfruitful
expenditure, hence the decision not to sanction further expenditure and

to recommend handing over to the Police department. By preventing
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avoidable expenditure on revamp and utilising the wireless phones of
the Police personnel for flood management, the 2018 flood situation was
managed well by KSDMA and the DDMAs. The department avoided
expenditure on a failed and redundant system, it added.

Audit noticed that though Government had provided different types of
communications, most of them were vulnerable to failure during a
disaster owing to their dependence on internet or terrestrial network,
The VHF of Police department had withstood the disaster of 2018 as
stated in the paragraph and hence can be considered as a reliable
communication network.

The Kerala State Disaster Management Plan, 2016 elaborates the
procedure for maintaining the VHF system and ensuring that the system
remains functional, it includes daily checking and sorting out any
technical issues using the services of Police Telecommunication wing.
Hence, the contention of Government that VHF networks were not
intended for day-to-day communication purposes but for use during
periods of disaster, and equipment were liable for frequent repair on
account of prolonged idling, is not acceptable.

Recommendation 3.3: KSDMA may ensure that fail-safe communication
infrastructure is available in vital instaltations such as at dam sites and
that a built-in redundancy of different layers of communication capable
of functioning during the most adverse circumstances exists in flood-
prone locations across the State.

3.5.3. Non-functional state-of-the-art Digital Seismographs
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Idukki district in Kerala hosts 17 dams including the 125-year-oid
Mullaperiyar dam®. Consequent to an earthquake of 3.8 M on Richter
scale (July 2011} in the Idukki region, GoK decided to establish (August
2011) a state of the art digital system of seismographs in and around
Mullaperiyar dam site for obtaining real time Seismic data as the existing
equipment were analogue type and incapable of immediate analysis of
data. The work was awarded to M/s. Encardio Rites Electronics Pvt. Ltd.
(M/s. Encardio) for ¥3.90 crore. The new equipment was capable of
providing reliable, compact and portable data. As stated earlier in this
Report, the data from the seismographs would also be an input to the
Decision Support System being established at the SEQC.

After setting up (March 2014) six digital seismographs and five
accelerographs® near and around Mullaperiyar dam site® for the
effective monitoring of seismic activities, GoK further accorded sanction
{August 2016) to purchase one full spare set® of GURALP seismograph
for ¥50.93 lakh for installation at a suitable site within the ILDM
premises®e,

Audit observed that though the vendor supplied (December 2016) one

full set of GURALP seismograph along with its allied items and the

62 Mullaperiyar dam lies in seismic zone III, where as per the seismic zoning map of India,
earthquake of intensity seven in the Richter scale could be expected.

63 Anelectromagnetic device used to measure acceleration forces

64 Seismographs at Vallakadavu, Meencut, Chottupara, Aladi, Kulamavu and Pamba;
Accelerographs at Idukki dam and Vallakadavu observatory in Idukki District

65 Since the spares of any malfunctioning instrument are to be imported, components from
the spare instrument could be used as a replacement till M/s. Encardio substitutes the
spare.

66 Institute of Land and Disaster Management under Department of Revenue at
Thiruvananthapuram which accommodated the SEOC till it was shifted to the new
building in January 2019.



88

instruments, these were not installed and were stored in the KSDMA
building. Audit further observed that the warranty period of the six
digital seismographs and five accelerographs, set up in March 2014,
expired in March 2017. A proposal (March 2017) of the vendor offering a
three_year AMC for 66.32 lakh was not successfully concluded.
Resultant non-maintenance of the equipment possibly fed to the
seismographs installed in Idukki becoming non-functional since January
2019, No seismic data is being received by the Central Receiving Station
(CRS) since then. Sanction accorded by GoK in July 2018 for entering
into an AMC with the vendor became infructuous as the vendor M/s.
Encardio intimated KSDMA (December 2018) that they had ceased
functioning as the distributor for GURALP instruments in India. After
inspection of equipment, a new vendor intimated (August 2019) KSDMA
that majority of the original equipment had reached its end of life and
offered to replace/ repair the faulty instruments for ¥49.50 lakh
before entering into an AMC. The offer was not accepted (January
2020) pending receipt of clarifications from the original vendor.

Want of proper maintenance of the seismographs and related
equipment resuited in expenditure of ¥3.90 crore becoming infructuous
with the State being forced to depend on data from the erstwhile
analogue seismograph instead of obtaining real time seismic data.
Further, non-installation of the seismograph purchased in December
2016 meant idling of equipment worth ¥50.93 lakh for the last three

years in Thiruvananthapuram.
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The Revenue and Disaster Management Department in its reply
(December 2020) stated as follows;

¢* The paragraph has nothing to do with the subject matter of

preparedness for floods.

* The six digital seismographs and five accelerographs set up in
March 2014 were proprietary items. Any repair or AMC had to be
through services of the principal/ their authorised dealers in
India. Extended warranty period expired in 2017. AMC could not
be concluded beyond this period since the authorised dealer
ceased to function after December 2018. New vendor after
inspection in August 2019 reported that majority of the items had
reached their end of life,

* The equipment custodian KSEBL had utilised its internal skills to
revitalise and use the system as long as the original equipment

continued to work.

* The offer of the new dealer to repair the instruments for $49.50
lakh and then enter into AMC did not appear economical, since
the equipment had already outlived their normal iife,

¢ Audit conclusion of failure to ensure adequate maintenance
resulting in infructuous expenditure was pre-conceived and
irrelevant.

®* The purpose of collecting seismic data is served by two digital
seismographs in the State, one of IMD in Thiruvananthapuram and

the second of NCESS at Peechi.
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o Audit observation on non-installation of the spare seismograph
was not accepted as the spare intended for repiacement in the
event of failure of one of the already installed seismographs
could not be considered as idling equipment.

During the Exit conference (18 January 2021), it was also informed that
the seismographs were not for detection of earthquakes in the State.
The responsibility of earthquake detection and monitoring is that of IMD
and KSDMA is in receipt of such detections that are relevant to the
State. The purpose of the KSDMA funded, KSEBL established seismic
monitoring system was for confined monitoring of the selected area in
ldukki and at a global scale of earthquake detection and monitering, all
the systems deployed inn idukki would only count as one system.
Further, under the initiative of KSDMA, the National Centre for
Seismology (NCS), New Delhi has deployed one seismograph in [dukki.
Therefore, earthquake detection purpose is well served, The system
was funded by KSDMA to KSEBL and KSEBL had the responsibility of
deploying and maintaining the system ever since the beginning. During
the active period of the system, the system worked satisfactorily.

The contention of the Government that the seismographs at
Thiruvananthapuram and Peechi are sufficient could not be accepted
since while initiating the project proposal by KSEBL, expert opinions
from National Geophysical Research Institute (NGRI) and NCESS were
obtained by KSEBL and NGRI had opined that any network around a

reservoir should be located in such a way that there is minimum
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azimuthal gap and a station should be located in the centre of the
network for assessing depth resolution of earthquakes. NCESS while
underscoring the necessity of the project added that the seismic
observatories of IMD and NCESS could complement the proposed
network. Further, following mild tremors in Idukki area in February 2020,
KSEBL conducted a meeting (March 2020) to assess the situation and it
was opined that the observations from the above Seismographs are
highly important for the study of seismic behaviour of ldukki region as it
has link with the safety of KSEBL dams and hence action is to be taken
to initiate reviving the equipment/ system. Audit clarifies that it is based
on the linkage to dam safety and possibility of flooding from dam break
that this audit observation has been included in this Audit Report. GoK's
contention that the spare equipment cannot be considered as idling is
also not acceptable as the sanction order for purchase of the spare
instrument specifically stated that the spare instrument shall be
mounted in the campus of Institute of Land and Disaster Management,
Thiruvananthapuram and data received in the present network at the
Central Receiving Station at KSDMA.

In the wake of frequent mild tremors which occurred in Idukki during
February 2020, KSEBL contacted CWC for expert advice and CWC
recommended to constitute an expert group with representation from a
few organisations including National Centre for Seismology (NCS), New
Delhi. NCS as part of their study installed (March 2020) seismic

equipment in Idukki utilising their own funds and the data was streamed
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to its Headquarters at New Delhi. KSDMA's contention that the
equipment installed by NCS is more than sufficient cannot be accepted
since the objective of the subject scheme was to extract real time
seismic data which would be relayed to the State's own CRS that could
be monitored at close quarters as recommended by NGRI and NCESS.
Audit observes that the single seismograph set up in 2020 is not
intended to be a substitute for a system of six seismographs and five
accelographs in place earlier.

Further, Audit noticed that the situation which warranted the
establishment of these seismographs in 2014 still exists as evident from
the tremors felt in Idukki as recently as February 2020.
Recommendation 3.4: Keeping in view the role of the seismograph
network in Idukki in studying seismic behaviour and their linkage to the
safety of dams in the region, Government of Kerala may ensure that the
network of seismographs as recommended by NGRI is put in place at
the earliest and the agencies concerned receive real time seismic data
from these locations.

Reservoir operation

Dams ensure a large number of potential benefits, but are also
structures with potential hazards. Any uncontrolled or excessive
release of huge amount of water has potential for loss of life and
damage to property due to flooding. Of the 59 dams in the State, 17
dams are in Idukki district. Kerala received 2,346.60 mm rainfalt

between 01 June and 19 August, 2018, which was about 42 per cent
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higher than the normal rainfall.

Audit engaged the services of the Indian Institute of Science Bangalore
(IISc) to study, from a hydrological perspective, the operations of
reservoirs in the Periyar basin, during and immediately preceding the
flood period®’. Salient features of Mullaperiyar, ldukki, I[damalayar, Lower
Periyar dams and Bhoothathankettu barrage are given in Appendix ill(3).
While the Mullaperiyar dam is controlled by Tamil Nadu, the Idukki and
idamalayar dams are under the control of KSEBL. Lower Periyar dam is
situated downstream of Ildukki dam and has a very small capacity
compared to the three major dams. Audit findings with regard to
reservoir operations are given in succeeding paragraphs.

[Audit paragraphs 3.5, 3.5.1, 3.5.2, 3.5.2.1, 3.5.2.2 and 3.5.3 contained
in the Report of the Comptroller & Auditor General of India on
Preparedness and Response to floods in Kerala}

[Notes received from the Government on the above audit paragraph
are included as Appendix-I}

Excerpts from the discussion of the committee with officials
concerned

39.When the Committee enquired about the audit observation regarding

the non-availability of data required for the functioning of Decision
Support System established in State Emergency Operating Centre, The
Member Secretary, State Disaster Management Authority clarified that
the Decision Support System was being prepared during the time of
audit and the Central Agencies had the responsibility of providing
prediction and early warnhing and the mechanisms for ensuring data flow

and reception were ascertained. During the flood of 2018, only three of

67 June - August 2018
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the seven automated rain gauges were in working condition. But
currently, the situation had been improved and the data flow was being
ensured. The available data was integrated with more advanced API
(Application Programming Interface) system and the datas were avilable
from National Sesmic Centre and Indian National Centre for Ocean
Information Services and Skymet. The National Disaster Management
Plan stated that the responsibilty was vested with the Central
Authorities to provide forecast information and warning system and the
dissemination according to that was entrusted to the State Disasier
Management Authority. As a result of preparing such a system,
weather warning is now made available in mobile phones. The
Committee noticed in the audit observation that KSDMA had stated that
85 percent of the project was completed and payment of I4.54 crore
made to Keltron as on October, 2019 and the targetted date for
completion was extended upto 31 March, 2020 at the request of the
Keltron. The Committee enquired whether the project had been
completed. [he Member Secretary, KSDMA submitted that the said
project had been completed and more effective systems were later
implemented. Although it was decided to complete the projects in 2018,
it was unable to complete due to Okhi in 2017, flood in 2018 and
landslides in 2019. Operations on such occassions were not normally
carried out as emergency operations were needed to be carried out
round the clock. That caused a delay in completion of the project. The

liability for delay in that regard had been fixed by Keltron and would pay
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the amount after calculating the deduction.

40. Regarding the maintenance of Communication Infrastructure, the
Member Secretary, KSDMA explained that normally, in our Country, the
communications were effected through devices installed on the Earth,
but subsequent to flood in 2018, the Central Government allotted
Satellite Zones for Communication. The GSM and VHF systems would be
temporarily disrupted due to power failure and optical fibre
disconnection etc during flood time. Usage of Low Earth Orbit Sateilites
Communication could overcome such disadvantages. But it was not
common in India. As 100% fake proof communication systems were not
available, satellite phones had been provided in Emergency Operation
Centres.

41. While discussing the matter, related to National Disaster
Management Services, the Member Secretary, KSDMA informed the
Committee that VSAT is a fixed facility and steps taken by the State
Disaster Management Authority in that regard were very well detailed in
the RMI. Kk was instalied in DEOCs in Wayanad, Idukki, Alappuzha and
SEOC Thiruvananthapuram and its operations were managed by BSNL,
but its operational faults were rectified at Bangalore. The signals from
the satellites were not received properly and that could be corrected
only in consultation with an expert agency and that was the reason for
the delay.

42. When the Committee enquired about the audit observation

regarding the non-functional very high frequency radio communication
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system, the Member Secretary, KSDMA submitted that VHF system was
installed after Tsunami and the Police force had the most effective VHF
system and they are shifting to Digital VHF. The Disaster Management
Authority had decided not to expend more money for the old systems
as the equipment were not maintenance free and they were handled
using the equipment of Motorola. Huge amount was demanded for the
repairing of equipment when maintenance work was done in 2013.

43. When the Committee enquired about the audit observation, the
Member Secretary, KSDMA informed that in 20m, KSEBL received a
grant-in-aid from the State Disaster Management Authorily tc instalt
seismographs during the Mullaperiyar Dam panic. Bul when new Dam
Safety Rules came into force, it was no longer needed. When old
devices were used, a single vendor, GURALP, was there for repairing.
So a seismograph was kept as spare in order to replace in the event of
failure of one of the already installed seismographs. New devices were
installed in all stations when Dam Safety Bill had came into force.

Conclusion/Recommendation

44, No comments

3.6. Assessment of impact of dam spillage on flooding in
downstream areas
Audit evaluated the relative contributions of the spills from the two

major dams, Idukki and Idamalayar, to the flood flow observed at
Neeleswaram gauge station, based on observed data. Contribution of
the spills from Mullaperiyar dam to the Idukki inflows was aiso

examined. Data on reservoir inflows, power house (PH) discharge, spills,
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storage and water levels at the dams, barrage and flow gauges
provided by the KSEBL, CWC and Irrigation Department was used to
assess the impact of the spills on the floods.

Since observed flow and river level data was available at Neeleswaram
gauge station, the spills from the reservoirs were compared with the
observed flow at Neeleswaram to assess the impact of spilis on the
floods. The percentage contribution of the reservoir spills, on a daily

scale, to the Neeleswaram gauge station is shown in Table 3.4.

Table 3.d: Contribution of daily spills from Idukki and Idanlayer dams te the
observed flow at Neeleswaram gauge station

Total observed spills from Flow observed at Contribution of total spills from
Date Idukki and XIdamalayar Neeleswaram lIdukkl and Idamalavar dams to tlow
| __ [hms MCM)* AMCM) ___at Neeleswaram (per cent**
| | 2 | 3 [ [(2)/(3)] * 100
14082018 | 01.06 . 196.13 | 46.43
15-08-2018 | 192.47 53283 36,12
16-082018 | 234.53 79393 ' 29.54
17-082018 | 185.85 L 79644 _. 23.34
15-08-2018 | 104,11 61275 16,99

*The spilis presented for Idukki and Idamalayar dams Jar a day correspond 1o the vbserved
Jlow drnng the 24 hours fram 7AM on that day o 7AM on the nexr doy.

{Source: Report of I1Sc, Bangalore)

The contribution of the spills from Idamalayar and ldukki dams
together, to the flows at Neeleswaram gauge station during the period
14 to 18 August 2018 was significant at 46.43 per cent, 36.12 per cent,
29.54 per cent, 23.34 per cent and 16.99 per cent respectively, though
as the extreme rainfall event continued for a few days, the contribution
of the spills in percentage terms is seen to have declined.

Further, as the spills from the Mullaperiyar dam pass through the

Vandiperiyar gauge station and subsequently contribute to the inflows

68 The volume of total spills from the two dams (Idukki and [damalayar) together is added
and its percentage contribution is analysed to the flows at the barrage and Neeleswaram
gauge station.
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to the Idukki reservoir, the role of spilis from Mullaperiyar dam in the
escalation of flows at ldukki reservoir during the flood period was also

examined as shown in Table 3.5.

Table 3.5: Contrilvetion of spills firom Mullaperivay dam to Mdukki inflows

Spills from Inflows observed at Contribution of  spills  from |
Iate Muflaperivar  dam Idukki dam (MCAM*  Mullaperiyvar o fdekki inflaws
(MOM) percemt)

) 1 _ 2 3 112)/13)] * L0
14.08-2018 . U 84.18 2.58 »
15-08 201§ 461100 165.06 _ 2793 _
16082018 56.74 15491 - 36.62 1
Y7-08-2018 A3 N7 111.50 [ i 302 .
IR-08-2018 1426 Y251 3545

®he How data prexeneid for fdukhe 1!:2(?7’&1?!!’1?}')8!'1}1"‘ dom correspond 1o Hie obierved flow

durtng the 24 hoours from 7AM on thas day re PTAM on the nexyduy.

f Screerc e Report of 150 Berealoe]

As evident from the table, the operation of the Mullaperiyar dam had a
negligible effect on 14 August but its contribution to the inflows at Idukki
was significant during 15 to 18 August (>20 per cent), considering the
magnitude of the floods.

Government in its response stated (September 2020) that the
contribution of Mullaperiyar dam to the inflows of Idukki during the
period of severe floods from 15-18 August 2018 was very significant.
Since sudden and unexpected releases from Mullaperiyar dam by Tamil
Nadu Government was expected any moment without notice and the
quantum of inflow to Idukki reservoir was not known in advance, KSEBL
had to provide sufficient flood cushion to ensure safety of the dam as
well as controlled release. But for the sudden release of 169.97 MCM of
water from Mullaperiyar during the extreme flood days, the attenuation
of downstream flood would have been more significant.

The departmental response indicates the need to prioritise and have in

place an integrated reservoir management plan, particularly in muiti dam
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basins. This is significant both because i) the control of reservoir/ dam
operations in the State is distributed among KSEBL and the Irrigation
department and ii) there is the likely impact of spills from dams under
the control of one State in the downstream reservoirs and rivers of
another State.
The National Disaster Management Plan lists among the responsibilities
of the State (in the context of understanding floods), the implementing
and monitoring of flood preparedness, river basin and reservoir
management plans including updating rule curves and improving the
system of water release from reservoirs.®
Audit examined the aspect of the compliance of dam operators to rule
curves and the findings are as follows.
3.6.1. Compliance of dam owners to rule curves
A Rule Curve or rule level specifies the storage or empty space to be
maintained in a reservoir during different times of the year with the
assumption that a reservoir can best satisfy its purposes if these
storage levels are maintained. he rule curve as such does not give the
amount of water to be released from the reservoir as it will be
dependent on the amount of inflows and other extractions. The rule
curves are generally derived by operation studies using historic or

generated flows’, Though it is always desirable to fill a reservoir up to

69 Paragraph 7.2.1, NDMP 2019

70 Upper rule curve represents the water levels to be maintained in the reservoir such that if
these are maintained throughout the year, all the demands from the reservoir can be fully
met. Keeping the upper rule level below FRL (in monscon months) can give extra room
for flood absorption in the reservoir. Lower rule curve is calculated such that if the storage
level goes below this level, only the highest priority demands can be met throughout the
year, Generally, the water level in the reservoir is maintained between upper and lower
rule curve values.
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Full Reservoir Level (FRL) (or upto Maximum Water Level (MWL) during
emergency situations, if the dam is structurally stable), it is generally
recommended that some spill should be made from the reservoir to
keep up the downstream river channel and to avoid encroachment in
the river.

During field visit, the [ISc team accompanied by Audit personnel were
informed by KSEBL that no rule curve was followed for reservoir
operations during the flood period. However, Audit noticed that KSEBL
had in its possession the Rule Curve framed in 1983 (Appendix lli(4)).
Audit observed that only after the filoods of 2018, KSEBL developed new
rule curves (KSEBL, 2019) which were updated in 2020 (KSEBL, 2020)
though the Operation of Reservoir - Guidelines” envisaged (Paragraph
5.0) that the rule curves are to be reviewed constantly and if
necessary, modified so as to have the best operation of reservoirs.
Audit made available to !iSc, the rule curves (1983 and 2020) for the
Idukki dam along with the rule curves for the operation of the
Idamaiayar reservoir (2020) (Appendix [lli{4)), for carrying out
simulations of reservoir operation to determine the volume of spills that
would have resulted if these rule curves were followed during the flood
period. The simulations of the reservoir operation were carried out for
the period June to September 2018. The steps followed in simulating the
reservoir operation are given in Appendix [I(5). The results of the
simulations are given below.

3.6.2. Operation of Idukki reservoir using the 1983 rule curve

71 1S 7323:1994, reaffirmed in1999
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The ldukki reservoir operation was simulated with the rule curves
developed in the years 1983 (Appendix [li(6)) and 2020 (Appendix lli{7))
to determine the quantum of spills and to compare these spills with the
actual spilis that occurred during the 2018 flood period. Table 3.6 shows
the observed spills at Idukki dam during the flood period and the spills

if the rule curves of 1983 were followed.

Table 3.6: Comparison between actual spills and the spills simulated using the

rule curves of 1983 for Idukki dam

Date Actual spills | Spills when rule levels are applied (MCM)
2018 Initial storage level for simulation (starting date - June 30)
(MCM)** Upper Rule Level” Lower Rule Level* | Actual Storage Level™
14-08-2018 | 4626 | 7406 0.00 | 74.06
15-08-2018 111.24 154.94 0.00 | 154.94
16-08-2018 | 124.65 144.88 | 123.82 144 88 |
17-08-2018 | 115.20 101.59 101.59 101.59 |
18-08-2018 70.16 82.72 82.72 82,72
Total 467.51 | 558.19 308.13 | 558.19 |

*Start with upper level; Spills computed once storage crosses upper level

*Start with lower level; Spills computed once storage crosses upper level
#Start with actual level; Spills computed once storage crosses upper level
**The actual spills (2018) presented for a particular day are the observed spills during the 24 hours
from 7 AM on that day to 7 AM on the next day
(Simulations were carried out from June to September 2018; results for the flood period alone are |

shown)
(Spills are accounted only if the simulated level exceeds the crest level)

l_

(Source: Report of 11Sc, Bangalore)

The simulations revealed that the spills from Idukki reservoir during the
flood period (14-18 August) would have been higher (558.19 MCM
against the actual spills of 467.51 MCM) if the simulations started with
the actual storage level or the upper rule level. Thus, for reservoir
operations during the floods of 2018, the rule curve of 1983 for Idukki
reservoir could not have been relied upon to achieve minimal or no
spills. This shows the necessity for ensuring rule curves are regularly

updated as required by the National Disaster Management Plan and by

~

'
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the Reservoir Operation Guidelines. In the case of Idamalayar
reservoir, there was no rule curve in place at the time of the 2018
floods for the guidance of dam operators. However, subsequent to the
floods of 2018, and based on the Central Water Commission's
recommendations in their Study Report on 'Kerala Floods of 2018' to
review rule curves for major reservoirs in the State, the existing rule
curves were reviewed by KSEB. Subsequently, rule levels as prepared
by CWC were approved by the Government of Kerala in May 2020.
KSEBL also resolved to give approval to the modified ruie levels
prepared by CWC for operation of Idukki, ldamalayar, Kakki and
Banasurasagar reservoirs. Audit also noted that in the new O&M
Manual™, reservoir operation protocols including “rule curves" were
included.

3.6.3. Dam operations based on 2020 rule curves

In order to see how the application of Rule curve of 2020 for Idukki dam
operations would impact spills from the reservoir in case a scenario similar
to the floods of August 2018 were to happen again, simulation studies
were carried out. Simulation of the reservoir operation of Idukki
reservoir shows that if it was operated according to the rule curve of
2020, the spills from the reservoir during the flood period would be
531.03 MCM which is higher than the actual spills of 467.51 MCM (14-18

August, 2018) as shown in Table 3.7.

72 1S 7323:1994 (Paragraph 5.0) - Rule curves once prepared should be constantly reviewed
and modified so as to have the best operation of the reservoirs.
73 As per the guidelines of CWC of January 2018.
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Table 3.7: Comparison between actund spills and the spills simulated using the
rile curve of 2020 for kukki dam

Date Actual spills Spliis when rule level isapplled tMOM)
(2018) (MCM)** | Initiad storage fevel for simulnlion (starting date -June 10)
| | Rule Level® |_Actual Storage 1 evel™

14-08- 2018 | 16.26 | HE 63 | 6863
15-08-2018 | 11124 | 14951 | 14951
16-08-2018 | 12465 | 13945 | 13945
17408-2018 | 11520 | 26.16 | 96.16 |
18-08-2018 | 7016 | 7729 | 77.29
Total 46751 53103 53103

“Start with rule kevel: Spills computed once Sterage croases rule level
“MGrart with actual level; Spills computed oiice storage cnisses rale level
*The actual spitls (2018) presented For a particular day are the abserved smlls during the 24 hours from
7 AMaon that day 1o 7 AM on the next day
(Smuulations were carried out from June © September 2018: resulls Tor the flood penod alone are shown)
(Spills are accounted only if the simulated level exceeds the crest level

(Source: Report of i1Se, Bungalore)

When the exercise was carried out similarly (Appendix [li(8)) for Idamalayar
dam using the new rule curve of 2020, the study indicated that the spills
when reservoir operations were carried out using the rule curve would
be lesser than the actual spills in 2018. Table 3.8 shows the observed
spills at Idamalayar dam during the flood period and the spills if the rule

curve of 2020 is followed.

Table 3.8: Comparison hetween actual spills 2nd the spills simulnted using the
rule curve of 2020 for Idamalayar dam

Date Actual spills | Spills when rule level is applied (MOCM)
(2048) (MCM)** | Initial sworage level for simulation (starting date - June 10)
| | | Rule Level | Actual Storage Level™ |
14-08-2018 14,50 56,13 | 56.13
1508-2018 | 81.23 | u',‘_'n_ 97.20 |
L 1608-2018 109.88 | 8554 | 8554 |
17-08-2018 | 70.65 | 51.24 | 51.24
1808-2018 33,04 1338 13138
F'otal M0.50 2349 32349

*Siart with rule level: Spills computed once storage crosses rule level

#Start with aetual level, Spitls computed onee steruge crosses rule leved

*¥The actual spills (2018) presented for a particudar day are the observed smils dursing the 24 hours [rom
7 AM on that day 107 AM on the next diy

(Stmulations were carried out [rom June W September 2018; results for the food perrod alone are shown)
(Spills are accounted only if the simulated level exceeds the crest level)

{Sowrce: Report of USe, Bangalore)

It is observed that if the ldamalayar reservoir was operated according
to the rule curve of 2020, the spilis from the reservoir during the flood
period (14-18 August, 2018) would be 323.49 MCM (less than the actual
spills of 340.50 MCM). Even if the rule curve of 2020 was followed

considering the observed actual level on June 10 for initialisation, the
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spills during the flood period would still have been 323.49 MCM which is
less than the actual spills of 340.50 MCM.

Hence, the simulation studies using the 2020 rule curve for |damalayar
gave a result indicating lesser spills unlike in the case of idukki.

The Department in its reply (December 2020} said that as per the rule
curve of 2020, the water level to be maintained at the |dukki reservoir
during 11 to 20 August is 2,386.81 feet with 1,725.71 MCM. This wouid
give a dynamic flood cushion of 270.63 MCM (upto FRL 2,403 ft). The
dynamic flood cushion would enable the dam managers to transiently
accommodate the heavy inflow into the reservoir during the flooding
period and distribute the consequent spill in a regulated manner.

Audit notes that even after a considered decision by KSEBL in
consultation with KSDMA in August 2018 to introduce a dynamic flood
cushion of four feet below FRL (68.87 MCM) (the rule curve of 1983 for
Idukki reservoir permitted KSEBL to store water during the month of
August 2018 upto FRL), spills of 467 MCM could not be avoided. Audit
also saw that despite such decision, the outflow did exceed inflow in
respect of ldamalayar reservoir on two days (16-17 August, 2018) and in
respect of Idukki on one day {17 August 2018).

Hence, KSEBL may consider the feasibility of conducting simulation or
other studies to ensure that the approved rule curve of 2020 along with
provision of dynamic flood cushion would suffice to handle situations
similar to the extreme rain event of 2018 with minimal spills, if any.

Need for assurance about the adequacy of the new rule curves is
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emphasised also because [ISc's studies’ to examine the effect of
reservoir spills on the flood inundation depth and extent showed that if
the discharge from Bhoothathankettu barrage consisted only of the
runoff generated with heavy rainfall’®, the extent of simulated flood
spread would have reduced from 520.04 sq. km to 441.44 sq. km and
the maximum simulated depth (with respect to ground level) at
Neeleswaram would have reduced from 12.32 m to 9.68 m’¢. KSEBL
acknowledged (June 2020) that the 15 per cent reduction of area was a
realistic assessment.

The Secretary, Power Department (December 2020) in his response to
the audit observation said that the methodology followed by KSEBL in
controlling the flow is to operate within the dynamic flood cushion below
the FRL and ensure that the levels do not exceed the FRL. Keeping in
view this principle, the inflow and outflow in both [dukki and Idamalayar
were coordinated. While so coordinating, the sudden inflow without
notice from Mullaperiyar as well had to be reckoned. Stili the crisis
situation was managed well within the prescribed parameters. In
Idamalayar on 15 August 2018, the FRL was breached by 0.15 m and the
outflow maintained was iess than inflow and on 16 August 2018 the FRL
was again breached by 0.75m and still the outflow was maintained at a
lower level. At that point of time, due to the extreme flood situation, the

inflow increased drastically and there was no other alternative but to

74 using HEC-RAS

75 and no contribution from reservoir spills

76 Simulations by [ISc using HEC-HMS modelling showed that the flood peaks obtained
from the *with-dam scenario® were attenuated when compared to the virgin simulations (no
dam scenario).
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increase the outflow to maintain the FRL, considering the safety of dam,
as well. The Secretary, Power Department further stated that the
position as explained above would indicate that the reservoir operation
in the crisis situation was prudently managed and spills were maintained
at optimum levels.

The Government vide letter dated 16 April 2021 also informed that in the
case of idamalayar reservoir, the difference between total outflow and
total inflow was only 9.86 MCM which is only 2.90 per cent of the total
inflow of 338 MCM into this reservoir. Considering the tolal combined
inflows of 946.40 MCM (608.40 + 338), a total combined outflow of
815.37 MCM (excluding PH discharge fromn ldukki reservoir) was only
discharged to the Periyar basin from both reservoirs {(between 14 and
18 August 2018). The integrated operation by KSEBL resulted in
moderation of 131.03 MCM. KSEBL had let the outflow exceed inflow only
in the recession limb of the flood hydrograph which is a standard
operation procedure. The response indicated that in [damalayar, for five
hours on 15 August 2018, the outflow was marginally more than the
inflow (in the rising limb of the flood hydrograph) but this was before
the flood hydrograph's sharp rising and touching its peak inflow. This
was unavoidable as ldamalayar reservoir levels breached its FRL and
integrated reservoir operation necessitated such release. Attenuation
of 1,128 cumecs when the peak inflow of 2,328 cumecs occurred at
03:00 hrs on 16 August 2018 in ldamalayar reservoir was also pointed

out. Further, as Idukki PH discharges to the adjacent Muvattupuzha
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basin and not to Periyar basin, the same should not be added to the
outflows to the Periyar basin.

The departmental reply above seeks to indicate that spilis that took
place, including outflow exceeding inflow (on two days in the case of
ldamalayar reservoir and one in ldukki reservoir), during the August
2018 floods were optimal and acceptable given the circumstances such
as inflow from Mullaperiyar without warning and the fact that the
outflow exceeded the inflow on the receding limb. However, the KSEB's
response that outflow exceeds inflow only in the receding limb, is silent
about the downstream conditions. The Neeleswaram CWC Gauge
station in the month of August 2018 recorded very high-water flow on
15 and 16 August (as well as on 17 and 18 August). On all these days (15
to 18 August 2018), the flow (refer Table 3.4 of this Report) exceeded
363 MCM/day which was adequate for the river to breach its banks”.
The water level as measured at Neeleswaram CWC Gauge station on
16, 17 and 18 August was similarly very high at 12.10 m, 12.12 m and 10.55
m respectively when compared to average water level of 4.55 m”® for
the month of August 2018. Thus, the release of water from the dams so
close to the peak inflow (even if it was in the recession limb) could
aggravate the flood situation downstream. Further, on 17 August 2018,
the hourly data indicates that the outflows from ldukki dam exceeded

the inflows during 16 hours of the day and on 16 and 17 August, the

77 Response of KSEBL dated June 2020 relying on research articie by Dr IC.P Sudheer, IIT
Madras, et al, ‘Role of dams on the floods of August 2018 in Periyar River Basin, Kerala’.
78 Water level on 14 August was 5.91 m as per CWC data.



108

outflows from Idamalayar reservoir exceeded the inflows for 10 and 21
hours of the day respectively. Besides, even if PH discharge were to be
excluded for Idukki, the net inflow would he negative (-3.50 MCM) for
Idukki on 17 August. Further, in the case of Idamalayar, though
attenuation occurred at peak inflow, the fact is that net inflow over the
14-18 August period was negative (-9.86 MCM), Besides, the Guidelines
for operation of spillway gates of Cheruthoni dam (1990) specify that
outflow is never to exceed inflow except under emergencies and when
the reservoir is to be depleted to the desired level. Thus, Audit feels
that it cannot be cited as a standard operating procedure, even during
the receding limb of a flood hydrograph, particularly so close to the
peak inflow.

Hence, Audit reiterates the need for assurance about the adequacy of
the new rule curve along with the provision of dynamic flood cushion
given the fact that the frequency of incidents of excessive rainfall and
flooding in the State has increased in recent years. As the rainfalls in
July 2018 had resulted in an average inflow of 25 MCM per day to Iduiki
and the average inflow to Idukki between 09 August 2018 and 19 August
2018 was more than three times and of the order of 79 MCM per day,
which was unprecedented in the history of the dam, there is an urgent
need to be prepared for such extreme rainfall events in the future
including through establishment of inflow forecasting stations™. The

possibility of unscheduled releases from upstream reservoirs also

79 The reservoir level can be better managed by providing a dynamic cushion to moderate
flood through meticulous planning by reviewing the reservoir levels and inflow forecast at
all time steps. (Source: Rule curve for major reservoirs of KSEB — May 2019)
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needs to be considered along with the factoring of downstream
conditions. It is desirable further to develop the rule curves keeping in
view the integrated operation of the major reservoirs in the basin. Rule
curves developed considering various aspects including integrated
operation of reservoirs would provide more assurance.
Recommendation 3.5:

a) KSEB may ensure flood release operations for reservoirs are based
on approved rule curves which further need to be regularly reviewed
and updated.

b) KSEB may conduct simulation or other studies to ensure that the
approved rule curves of 2020 for Idukki and ldamalayar would be
adequate to handle situations similar to the extreme rainfall event of
2018, without consequential flooding.

¢) Feasibility of putting in place rule curves based on integrated
operation of reservoirs within an approved time frame must also be
considered.

[Audit paragraphs 3.6, 3.6.1, 3.6.2 and 3.6.3 contained in the Report
of the Comptroller & Auditor General of India on Preparedness and
Response to floods in Kerala]

[Notes received from the Government on the above audit paragraph
are included as Appendix-li]

Excerpts from the discussion of the committee with officials
concerned

45. While considering the audit para regarding the assessment of

Impact of dam spillage on flooding in downstream areas, the Deputy

Chief Engineer, Research and Dam Safety Organisation, Pallom
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informed that based on the order dated 21.05.2020 the rule curve of
the major reservoirs had been promptly operated and had updated the
rule curves of major reservoirs like Iidukki, kakki, ldamalayar and
Banasura Sagar. The Principal Accountant General pointed out that the
Deparment had not detailed its stand towards the objections pointed
out by the Accountant General before detailing actions taken on
recommendations and enquired whether the KSEBL had any idea
regarding the flow of water to Idukki Dam in the event of a fiood
situation as happened earlier. The Deputy Chief Engineer, Research and
Dam Safety Organisation replied in the positive and added that
simulation study and scenario analysis were conducted ana steps were
being taken for the updation of the rule curve through CWC, To a query
of Accountant General, the Deputy Chief Engineer clarified that the
updation of rule curve was done in 2020 by KSEB, and that report was
scrutinized by the CWC. The AG pointed out that the reply submitted by
the Department indicated that they had not planned to manage the
sudden and unexpected release of water from Mullaperiyar dam by
Tamil Nadu in extreme rainfall scenarios and he enquired about the
progress attained in Dam safety after the flood of 2018. The Deputy
Chief Engineer, Research and Dam Safety Organisation informed that
CWC had developed a forecasting model in that regard and provide an
update of forecast regarding rainfall and based on that, the rule curve
updation and maintenance of the f[obd cushion were done by KSEB.

When the Accountant General wanted to know more details regarding
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the maintenance of flood cushion, the Deputy Chief Engineer, Research
and Dam Safety Organization informed that the flood cushion fevel was
properly maintained, it was different at different times and the rule
curve was maintained below the full reservoir level.

46, The Accountant General pointed out that the response given by the
Administration Department regarding the audit observations were
misleading and vague and none of the AG's findings had been properly
answered. He added that the Committee could not frame
recommendations from such vague and misleading replies. The Deputy
Chief Engineer, Research and Dam Safety Organization informed that at
present the rule curve is fixed based on evaluating the maximum water
level every ten days and maintaining the flood cushion accordingly. The
Principal Accountant General pointed out that there is a contradiction in
the reply given by the Department regarding the maximum level of the
reservoir. Rule curve and flood cushion were operating in Idamalayar
Dam but it was not even partially done in Idukki Dam. He added that
even though a flood cushion level of around five feet is possibie in
Idukki, it was not being operated there. The reason for operating a part
of the flood cushion in Idamalayar was not clear and enquired whether
they were conducting any updation in that regard. The Deputy Chief
Engineer, Research and Dam Safety Organization informed that flood
cushion was started operating after 2018. At present, rule curve was
fixed in every 10 days and fiood cushion was maintained accordingly.

The Principal Accountant General pointed out that the Department was
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not furnishing the details sought for about the flood cushion. The
Deputy Chief Engineer, Research and Dam Safety Organization informed
that water is heid above FRL and below MWL. MWL is above and
maintenance is possible even in FRL conditions.

47.The Principal Accountant General pointed out that the flood tushion
was operated even without rule curve in Idamalayar and enquired about
the reason for not operating flood cushion as per existing rude curve in
ldukki dam. The Deputy Chief Engineer, Research and Dam Safety
Organisation informed that as per the rule curve of 1983, the dam was
at full level and in 2018, the rule curve was operated according to that.
He added that less quantity of water has gone oul than the actua rule
curve otherwise it would have flowed over the dam. The Member
Secretary, KSDMA informed that ruie curve was fixed by the dam safety
authority after the flood of 2018, until then the dam management was
done by the dam operators. At present, a Commitiee was constituted
for assessing the compliance of rule curves of dams and its 40"
meeting was held recently. As per CWC recommendation, rule curve is
sufficient only for dams above 200 mcm but in Kerala rule curve was
maintained even below that level and flood cushion was not obtained in
those dams. Even six hours of continuous rain would raise the water
level beyond the expectations and the rule curves were prepared by
adopting precautionary principles in a manageable manner and it also
had an index. In continuation of that procedures, KSEBL had installed a

siren system in their major dams. He added that no warning system
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could be put in place in Mullaperiyar and similar case also existed in
Peringalkuth. He further stated that however, all possible mechanisms
were being put in place within the [imits.

48. When asked about the observation of the Accountant General
regarding the consideration of Integrated Reservoir Management Plan in
the State, the Chief Engineer, Irrigation Design & Research Board &
Irrigation and Inter State Water informed that after the flood, a project
had been envisaged for the installation of flood alerting system and
Integrated Reservoir Operation System at Periyar Basin. Based on
various forecasts from within the country and outside, the forecasting
of the expected rainfall in our catchment area had been done and the
relevant informations were shared with KSEBL and Disaster
Management Authority. He added that as per the request, CWC had
agreed to operate a forecasting system in the upper catchment area of
Mullaperiyar as things could be shared only at a specific point in Idukki
and by considering all the inputs as per forecast the dam related
activities would be implemented by the Irrigation Department.

49. while considering the audit para regarding the operation of Idukki
reservoir using the 1983 rule curve, the Chief Engineer, Irrigation Design
and Research Board & Irrigation and Inter State Water,
Thiruvananthapuram informed that the said matter had been discussed
earlier.

50. While considering the audit para regarding Dam operations based

on 2020 rule curve, the Deputy Chief Engineer, Research & Dam safety
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Organization submitted that as per the existing order, water is heid and
released only after checking the quantity and density of rainfall at the
downstream. The Principal Accountant General pointed out that the
current status furnished may be correct but the audit remarks were
about the release of water in the past and the report clearly mentioned
that despite the knowledge of the downstream conditions which were
totally saturated, the water was released without considering any
possibility of high tides. The Deputy Chief Engineer, Research & Dam
safety Organisation clarified that in order to manage the flood of 2018,
water had to be released through the Idamalayar Dam.
Conclusion/Recommendation
51. No comments

3.7. Siltation of reservoirs and reduction in storage capacity

Dams and Reservoirs are subject to siltation. Sedimentation causes loss
of active storage volume, and thus reduced ability to compensate for
outflows for hydro power, irrigation, drinking water and flood retention.
Uncontrolled deforestation, forest-tires, overgrazing, improper methods
of tillage, unwise agriculture practices and other activities are mainly
responsible for accelerated soil erosion which causes siitation in dams.
Paragraph 7.10 of Reservoir Operation Guidelines®® issued by the Bureau
of Indian Standards requires capacity surveys of reservoirs to be
undertaken once in three to five years or when the loss of capacity was

five per cent, whichever was earlier.

80 IS 7323:1994, Paragraph 7.10
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¢ Audit observed that of the 18 reservoirs® under the ownership of
KSEBL, sedimentation studies of only 112 were carried out during
the period from 1989 to 201. As on the date of audit (August
2019), no capacity surveys or sedimentation studies were
conducted in any of the KSEBL reservoirs after 201t. Though the
sedimentation surveys (in 2007 and 1995 respectively) indicated
significant capacity loss as in Kallarkutty dam (47 per cent of

-

gross storage in 45 years) and Anayirankal reservoir (30.92 per

A

cent in 33 years), KSEBL had not conducted any further study to
assess the change in siit deposit and reduction in the capacity of
the dams. Though KSEBL identified (2010) six dams® for
conducting desiltation, none of them had been desilted till the
date of audit (August 2019).

Secretary, Power Department stated (September 2020) that the
live storage in five major reservoirs viz. ldukki, [damalayar, Kakki,
Banasurasagar and Sholayar (out of 18 reservoirs®') constitutes
92.27 per cent. Siltation is negligible in these major reservoirs as
its annual storage loss is less than 0.2 per cent as per the
sedimentation studies conducted through various agencies. In
respect of the eight small reservoirs for which studies were

conducted, desilting could not be carried out due to difficulty in

81 Eighteen storage reservoirs which are formed under 32 dams,

B2 Kakki, Kallarkutty, Lower Periyar, Ponmudy, Poringalkuthu, Kundala, Madupetty,
Anayirankal, Pamba, Kuttiadi, Idukki and Idamalayar reservoirs

B3 Lower Periyar, Kallarkutty, Ayyappancovil and Kulamavu area of Idukki Hydro Electric
Project, Anayirankal, Kundala and Madupetty Reservoirs

B4 with live storage capacities ranging from 0.39 to 1460 MCM
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depositing removed siit and obtaining permission from Forest
Department. The Handbook on assessing and managing reservoir
sedimentation published by CWC in February 2019 indicates that
the annual storage loss due to sedimentation is significantly low
in Kerala reservoirs.

Audit observes that the statement that sedimentation in the five
major KSEBL reservoirs is negligible is not based on any recent
study or assessment (through CWC or ctherwise) as
sedimentation assessment of Idukki, ldamalayar, Kakki and
Sholayar were conducted during 2004, 201, 1999 and 2003
respectively. In  respect of Banasurasagar reservoir,
commissioned during 2005, no sedimentation study is seen
conducted. Thus, 9 to 20 years have elapsed since conduct of
capacity survey or sedimentation study, even though Reservoir
operation guidelines (IS 7323:1994) provide for capacity survey
every three to five years.

Kerala State Electricity Board Ltd. informed vide letter dated 01
February 2021 that sedimentation study had been repeated for
Poringalkuthu and Kundala reservoirs in 2020. KSEBL also
completed sedimentation surveys for five more reservoirs viz.
Kallarkutty, Madupetty, Ponmudy, Anayirankal and Sengufam in
2020 but reports of the survey are awaited. Proposals for
conducting sedimentation studies for the remaining reservoirs

are now included under Dam Rehabilitation and Improvement
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Project (DRIP) - Il and submitted to CWC for their approval. Chief
Engineer (Civil - Dam Safety and DRIP) further stated (February
2021) in the backdrop of the 2018 floods that it was decided to
carry out the sedimentation study for |dukki, idamalayar, Kakki,
Banasurasagar and Sholayar reservoirs and the same is included
in Dam Rehabilitation and Improvement Project-Il.
® Audit observed that the position was slightly better in the case

of 20 reservoirs under the control of the Water Resources
Department. Siltation study was conducted in respect of all these
reservoirs. The study revealed significant levels of siltation in
Aruvikkara reservoir (43 per cent), Mangalam reservoir (21.98
per cent), Peppara reservoir (21.70 per cent) etc. However,
desiltation activities were not undertaken in any of these
reservoirs. Though sanction was accorded (Septembher 2017) by
GoK for desiltation of Mangalam and Chulliyar reservoirs, the
works were yet to commence as of the date of audit (November
2019).

In its reply, the Water Resources Department (November 2020) stated

that silting was generally less in Irrigation dams. However, Audit

observed that sedimentation in Peppara, Mangalam and Kanjirampuzha

reservoirs of 21.70, 21.98 and 21.27 per cent of its storage capacity was

significant.

During the Exit Conference (02 February 2021) and subsequently, vide

tetter from ACS, Water Resources Department dated 19 Aprit 2021,
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Audit was informed that the desilting of Mangalam dam commenced®® in
the first week of December 2020 and that of Meenkara, Valayar and
Chulliyar reservoirs entrusted to Kerala State Mineral Development
Corporation Ltd. and Kerala lIrrigation Infrastructure Development
Corporation. With respect to Kanjirappuzha reservoir, bathymeiric
survey has been completed. Administrative sanction was accorded for
the desiltation of Avuvikkara reservoir in January 2021 and two bids
received are under consideration of the High-Level Empowered
Committee. Further, though all efforts are taken o get the dams
desilted, as the participation in tendering process was very low, the
works had (o be retendered more than once. ACS also stated that witi
the constitution of River Basin Conservation and Management Authority,
the coordination work could be institutionalised and turned into a
regular process.

Recommendation 3.6: In view of the possible loss of active storage
volume of dams through sedimentation and its consequential adverse
impact on ftood control, KSEB and Irrigation Department may ensure that
sedimentation studies as prescribed in Reservoir Operation Guidelines
issued by Bureau of Indian Standards are conducted and timely action
taken to arrest the capacity loss of reservoirs.

[Audit paragraph 3.7 contained in the Report of the Comptroller &
Auditor General of India on Preparedness and Response to floods in-
Kerala]

[Notes received from the Government on the above audit paragraph

85 ACS, WRD reply dated 19 April 2021 indicated that work for desilting Mangalam dam is a
three- year long project which started on 17 December 2020. As on 10 April 2021, 0.098
MCM sediments (3.32 per cent) removed out of a total estimated quantity of 2.95 MCM
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are included as Appendix-I]

Excerpts from the discussion of the committee with officials
concerned

52. While considering the audit para regarding siltation of reservoirs
and reduction in storage capacity, the Deputy Chief Engineer submitted
that the bathymetric survey conducted by KSEBL in 16 dams showed that
out of sixteen dams, the maximum sediments were found in Vellathuval
and Kallarkutty dams and 74 per cent sediments were found in
Vellathuval and 40 percent in Kallarkutty and there was no siltation
issues related to major reservoirs and the desiltation projects of
Vellathuval and Kallarkutty had already been approved. To a query of
the Committee regarding the desiltaion of pazhassi dam, the Chief
Engineer, Irrigation and Administration explained that the desiltation
projects of Mangalam, Chulliyar, Walayar and Meenkara dams were in
progress and arrangements for desiltation works had also been made
in Aruvikkara dam. Bathymetric Survey in connection with the desiltation
of Malampuazha, Karapuzha, Pazhassi, Malankara and Maniyar had
already been carried out and had started the preparation of DPR
related to soil exploration works and it would take minimum six months
to complete the work. When the Committee enquired whether the
desiltation of any dams had completed, the Chief Engineer, Irrigation
and Administration replied in the negative and added that the desiltation
work of Mangalam dam could not be completed due to COVID-19
pandemic and the said work was terminated under risk and cost. The
case filed by NCL 1, the implementing agency in connection with that was
pending in Hyderabad court. The Principal Accountant General pointed
out that the details in connection with the performance of dam after the
desiltation had not been provided. The Chief Engineer, Irrigation and
Administration further clarified that currently, the minimum distance for
sample collection is 50X50 meters and it could be increased up to
maximum 200X200 and around 200 soil samples needed to be collected
from Malampuzha Dam.

53. The Additional Chief Secretary, Power Department informed that
studies were being conducted only on how to store water in case of
flooding. But Studies needed to be done on how water flows
underground. The Minister had calied a meeting regarding conducting a
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study on how a dam break would affect other dams. He added that if
two TMC of water was brought from Mullaperiyar to Gavi, more water
would be available to Idukki and electricity would be generated. He
suggested that all those possibilities should be considered and an
authoritative study should be conducted in that regard and such type of
study is significant in the context of the Wayanad disaster. He further
stated that the Forest Department and KSEBL had been instructed to
study how the dams would be affected if there was a possibility of
landslides or other such incidents and to take necessary remedial
action in that regard.

Conclusion/Recommendation

54. No comments

SUNNY JOSEPH,
Thiruvananthapuram, Chairperson,
28" January, 2026, Committee on Public Accounts.
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APPENDIX I

SUMMARY OF MAIN CONCLUSION/RECOMMENDATION

6

— R I=F o ER L
Deaprtment concerned | Conclusion/Recommendation

Water Resources | The Committee expresses its concern|

over the lethargy of the Department in
addressing matters such as delay in
finalising the State level Master Plan
for water resources development and

the formation of the State-Level River

Basin Conservation and Management
Authority. The Committee directs that
the formulation of a State-lLevel
Master Plan for Water Resources

development and framing of master

plans for all major rivers should be
ensured by the Government in a timely

manner.

Water Resources The Committee opines that undue
delay in setting up of RBCMA is not

acceptable and calls for immediate

17

steps to constitute River Basin
Conservation and Management

Authority within a specific time frame,

Revenue and Disaster The Commitiee direcis to submit a report-

Management on the action taken by the Department to
| ensure the avallabllity of large scale flood

hazard maps for the identification of the

risk prone areas and to prioritise




—

Revenue and Disaster

Management

T gt . |
response efforts.

4

The Committee nuotices that the project

intended  for obtaining  real  limei
hydrological  date wseful for improving
flood management capabilities remained

wnachieved even after an elapse of more

than five years. Therefora, the Committes

[d:r'ects the Department (o complote wie

remaining works as early as possible snd

report it o the Committes urgently.

4] S —
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Remedial Measures ﬁliﬁénj)sfpgi\:o'emment submitted bt
the Public Accounts Committee (2021-23) with regai

the Performance Audit Report of the C&AG on
‘Preparedness and Response to Floods in Kerala®

Introduction

Accountant General, Kerala conducted a performance audit on
‘Preparedness and response to floods in Kerala’ with the objective to assess
whether the Government’s planning and implementation of flood management
measures were effective to minimise the magnitude of losses due to floods.
Study was conducted against the backdrop of the unprecedented Kerala Floods
2018 and the observations made in the report with respect to the dam

operation are based on the simulation study performed by the Indian Institute
of Science, Bangalore.

Irrigation Department owns 16 dams. Based on the unique design
characteristics of each dam, operation and maintenance manuals were
developed for its operation, regular maintenance and inspection activities.
Reservoir operations during the heavy rainfall of July and August of 2018 were
purely based on weather forecast, quantum of instantaneous inflows estimated
in real time using the reservoir water levels, reservoir capacity levels
determined as per O&M manuals and design parameters of the dams. At this
extreme rainfall situation, Water Resources Department had carried out the
reservoir operations prudently to safeguard and secure the lives and livelihood
of the people. Spills from the dams of WRD were optimal in comparison with

the heavy inflow volumes observed during the flood period and have no impact
on exacerbating floods.

Data on Full Reservoir Level (FRL), storage capacity at FRL, Maximum
Water Level (MWL), date of opening of the dam and the cotresponding

reservoir water level pertaining to all the 16 dams under Irrigation Department
during 2018 floods are shown in table 1:



Table 1

|s1 No.|Dam . .
Full storage |Maximum|Date of Reservoi

Reservo |capacity |Water opening |rlevel at
ir Level |at FRL in |Level of the the time
(FRL) in | MCM (MWL) in jdam of
meter meter opening

1 Malampuzh {115.06 226 115.06 01.08.2018 {114.86

a

2 Neyyar 84.75 106.25 84.75 14.06.2018 |84

3 Kallada 115.82 |504.92 116.73 19.07.2018 1114.56

4 Kanjirapuzh {97.5 70.8274 |97.5 15.05.2018

a

5 Kuttiyadi 44.41 120.52 44.41 14.06.2018 [39.80

6 pothundi  1108.204 [43.891  [108.204 31.07.2018 |107.79

7 Mangalam [77.88 25.494 77.88 14.06.2018 |77.30

8 Vazhani 62.48 18 62.48 02.08.2018 162.07

9 Peechi 79.25 94.946 79.25 27.07.2018178.77

10 Walayar 203 184 203 14.08.2018 1202.29

11 Meenkara |156.36 |11.30 156.36 14.08.2018 ]155.9

12 Chulliyar  |154.08 13.7 154.08 14.08.2018]153.8

13 Chimmony |79.4 176.78 79.7 10.08.2018175.90

14 Malankara (42 37 43 10.07.2018 {41.10

15 Karappuzha|763 76.5 764 26.05.2018 174.80

16 Siruvani 878.50 |25 881.5 10.08.2018 |877.93

{In the Study Report on Kerala Filoods
Water Commission, it was stressed that "Augu
to high intensity rainfall fro
Abnormal rainfall

rainfall

18, July

of August 2018 by the Central
st 2018 flood in Kerala was due
m 8-9, August 2018 and 15-17, August 2018.
of 15- 17, August 2018 resulte
Pamba, Chalakudi and Bharatpuzha sub-basins of Kerala. As
rainfall occurred in Kerala from 1 August 2018 to
758.6 mm, which is 164%

d in heavy flooding in Periyar,
per IMD, total
19 August 2018 was about
higher than the normal rainfail of 287.6 mm. The

during 15-17, August 2018 was almost comparable to the historical 16-

Bharatpuzha sub-basins”}

From table 1, it can

1924 rainfall of Kerala, particularly in Periyar, Pamba, Cha

lakudi and

be seen that all the dams were opened before the




Operation of Idukki and Idamalayar dams during the period from 14.08.2018 to
18.08.2018 (Paragraph No. 3.6- Assessment of impact of dam spillage
on flooding in downstream areas) and is trying to prove that ‘the reservoir
spills contributed very significantly towards the floods’. The study was solely
relied on data pertaining to the spills from the reservoirs and the flow observed
at gauge stations, leaving the actuaj precipitation levels and inflow volume at
the periphery. The observations made in the audit report cannot be accurate
unless the data on the actual precipitation levels and inflow volume gre
meticulously analysed, particularly for the period from 71st August to 19th

monitoring by SDMA handling crisis management during floods has not
been taken into account.

2. In the CWC report on Kerala Floods 2018, it was noted that the runoff



generated from pamba, Manimala, Achenkovil and Meenachil rivers
during 15-17, August 2018 rainfall was about 1.63 BCM against the 0.6 .
BCM carrying capacity of Vembanad lake. Crucial aspects such as the
carrying capacity of lakes and rivers in comparison with the runoff

generated during high flood periods has not been taken into
consideration.

The Central Water Commission in its Study Report on Kerala Floods of
August 2018 specified that “the release from reservoirs had only minor role in
flood augmentation as released volume from the reservoirs were almost
similar to inflow volumes and even with the 75 percent filled reservoir
conditions, the current flood could not have been mitigated as 1-day rainfall in
majority of the area was more than 200 mm and severe rainfall continued for 3
to 4 days”. It was also rightly pointed out that, “had the reservoir been a few
feet below Full Reservoir Level, the flooding conditions would have not
changed much, as the severe rainfall continued for 3 days and even for 4 days
at majority of the places, and in any case it would have been necessary to
release from the reservoirs after 1st day of the extreme rainfall”. In the case
of dams owned by WRD, reservoir levels were always maintained below FRL
and the quantum of outflow never exceeded the inflow volume. There was no
case of sudden or unexpected spillage from these reservoirs. Water Resource
Department was aiso aware that under a scenario of high rainfall prediction it
was not practical to allow the water level to go beyond FRL. Therefore the
department was against the idea of utilising the fiood cushion available for
certain dams since the flood cushion can be maintained only for a short
interval under extreme weather conditions.

Management of dam safety and operations were satisfactorily carried
out by the Water Resources Department with the data on instantaneous
inflows estimated in real time using the reservoir water level, reservoir level
storage capacity, rainfall alerts and the design parameters of the dams.
Remedial measures taken statement on audit paragraphs relating to Water
Resources Department are narrated in table 2.




%

ble 2

Audit paragraph

Reply

Paragraph 2.1

Inadequate __provision flood
anagement in the State Water Polic
(2008)

Water Policy of Government of India,
which was formulated in 1987 and
revised in 2002 & 2012, provides for
preparedness to flood, modernization of
flood forecasting using real time data
acquisition system linked to forecasting
model, evolving and implementing
operating procedures for reservoirs in
order to have flood cushion, increasing

for

preparedness for sudden and
unexpected floods, etc. But the
Government of Kerala has not

incorporated the flood management
provisions in the State Water policy
formulated in the year 2008. Non-
inclusion of elements of flood control

The audit observation that the State of Kerala did not give priority to flood
management in the State, was made by the C&AG based on a comparison
between the provisions for flood preparedness in the National Water Policy of
2012 and the State Water Policy of 2008. The observation is not true because
the State had given emphasis to flood preparedness in the past irrespective
of the position that whether there were provisions for flood preparedness in
the State Water Policy 2008 or not. 131 rain gauges, 54 river gauge stations
and 9 fully automatic climatic stations, which were set up under the National
Hydrology Project, were operational in the State prior to the mega floods of
2018. Water Resources Department had employed Gauge Readers for taking
the measurements recorded in the gauging devices on a real time basis. This
shows that the State did take measures for flood forecasting and was always
vigilant in formulating plans for flood control.

Reason for not including adequate provisions for flood management
in the State Water Policy at the time of policy formulation.

Kerala State Water Policy was formulated in the year 2008. The State of
Kerala never experienced a mega flood as that of 2018 in yesteryears and in
the memory of current two to three generations and is needless to say that is
the reason for the drafting Committee not to include adequate provisions for

flood preparedness in the State Water policy 2008.
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fiood Emﬁm.mm..,.: m#&mﬁ reservolrs. Despite a very long shore ::.m.l reasonable
river bank height and presence of large number of reservoirs, the flood water
could not be contained within the river banks and there was large spillage of
water in lower reaches of river Periyar and low lying areas of other basins as
well as Vembanad Lake. It could be said that if a heavy rain fall of identical
magnitude 3mnnmsm in the future, similar kind of flooding will definitely occur.
As stated earlier, the State of Kerala had maintained flood forecasting
stations at the time of 2018 floods and the data generated from these
devices had helped in formulating plans for dam operation and issuing flood
alerts to the public. It is clear that the absence of adequate provisions for
flood management in the State Water Policy did not have an impact on the
flood management strategies of the State.

Strengthening of flood forecasting mechanism in the post flood
scenario

As aforementioned, flood forecasting stations were functiong in various river
basins in the State prior to 2018 floods. In order to equip the State to
contain possible future flood events, Government of Kerala developed a full-
fledged inflow forecasting and flood early warning system with real time
monitoring operaticnal in all river basins through Tipping Bucket Rain
Gauges, Radar Level S5ensors and Automatic Weather Stations. Out of a total
of 168 flood early warning systems purchased already, 97 Tipping Bucket
Rain Gauges, 46 Radar Level Sensors and 12 Automatic Weather Stations
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4 Kanjirapuzha 70.8274 70 -
5 Kuttiyadi 120,52 108.78 -
6 Pothundi 43.891 30.82 -
7 Mangalam 25.494 48.85 -
8 Vazhani 18 20.72 -
9 Peechi 94,946 107.09 -
10 Walayar 18.4 106.355 -
11 Meenkara 11.30 90.65 -
12 Chulliyar 13.7 27.8 -
13 Chimmony 176.78 72.13 0.3
14 Malankara 37 1535 3
15 Karappuzha 76.5 62 1
16 Siruvani P 22.47 3

At present flood cushion is available for 5 dams. During the heavy floods of
2018, Water Resource Department was against the idea of utilising the flood
cushion since these dams have less storage capacity and the flood cushion
can be maintained only for a short interval under extreme weather

conditions.

Revision of State Water Policy 2008

As per G.O (Rt) No. 24/2021/WRD dated 12.01.2021, drafting Committee for
formulating the revised State Water Policy was reconstituted. The drafting
Committee has submitted a revised draft of the amended State Water Policy
on 05.04.2021. It was conceived that the revised State Water Policy based
on state specific requirements and containing the provisions for flood

management could be promulgated in 2021. since certain provisions in the
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State level Master Plan for water
resources development and
management, formulation of Master
Plans for the major rivers besides
constituting a State Level Authority to
coordinate all water related activities at
the river basin level’.

and river cmm.,..m.mmi_m. a hierarchical form. State Water Policy 2008 considered
micro - watershed as the basic unit and the river basin as an integrated unit
of micro-watersheds. Formulation of Master Plans for Municipal Corporations,
Municipal Counclls, Town Panchayats and Village Panchayats are progressing
under the aegis of the Town and Country a Planning Department under the
Local Self Government Department. Master Plans so prepared for local bodies
under section 34 of the Kerala Town and Country Planning Act 2016 contain
provisions for conservation of micro-watersheds and sub basins within the
local area, regulations for natural hazard prone areas and disaster
management. Harithakeralam Mission has also prepared plans for the
rejuvenation of streams, ponds, lakes, etc. at the Gramapanchayat and Block
Panchayat levels.

Formulation of Master Plans for major rivers in the State |
Formulation of State level Master Plan for major rivers in the State is a
combined effort of various stakeholder departments such as WRD, Revenue,
Agriculture, LSGD etc. A holistic approach is required for the purpose and
therefore, a tack force comprising representatives from various stakeholder
departments need to be constituted. Water Resources Department is focused
on the preparation of master plans for major rivers in the State and priority
will be given to those rivers that are prone to flood and passing through
densely populated areas viz. Periyar, Chalakkudy, Pamba, Meenachil,
Muvattupuzha. Karamana, Bharathapuzha and Chaliyar rivers. Preparatory
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to take
controlling

the Government
pooactive  measures
potential encroachment activities in the
flood plains and help the GoK in their
activities on flood control.
Recommendation of C&AG

action

‘enable
in

'GoK may initiate for a
legislation/regulation on flood plain
zoning, as well as constitute an
Authority to identify and demarcate
flood plain zones of the State and to
prohibit or restrict the use of these

lands’.

Paragraph No. 3.1

Adequacy of rain gauges in Periyar
basin

Periyar basin, which is having an area of
5159.71 sq. Km, is fargely characterised
as a hilly terrain upto Neeleswaram. As
per the Bureau of Indian Standards
(code 1S: 4987-1994), rain gauge
density at hilly areas with heavy rainfall

At the time of conducting audit, Irrigation department was maintaining ten
gauges in Periyar basin. Therefore the
is not true. After the

meteorological stations with rain
comment that only six rain gauges were operational
2018 floods, Government of Kerala decided to develop a full-fledged inflow
forecasting and flood early warning system with real time monitoring
operational in all river basins through Tipping Bucket Rain Gauges, Radar
Level Sensors and Automatic Weather Stations. Out of the 99 Tipping Bucket
Rain Gauges (TBRG) proposed to be installed in the river basins of Kerala
under National Hydrology Project, 18 TBRGs were earmarked for Periyar
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.mm.cmﬁ be put in place at the earliest’.

,u.vm..moqm_u_,. No. 3.2

Adequacy of flow gauge density in
Periyar basin

Five flow gauges were installed in the
Periyar basin by CWC and the lrrigation
Department, of which three gauges at
Kalady, Mangalapuzha and
Marthandavarma are maintained by the
Irrigation Department and the other two
gauges at Neeleswaram and
Vandiperiyar are maintained by the
CWC. Even though, the existing
number of flow gauges in the basin as a
whole was adequate, there is a shortfall
of one flow gauge in the free Periyar
catchment, comprising of 2367.22
sq.km of hilly terrain (as per World
Mateorological Organisation 2008
norms, one flow gauge per 1875 sq. km
is needed in hilly terrgin). An additional
flow gauge needs to be located just

upstream of Bhoothathankettu barrage,

In accordance with the wortd Metecroiogical Organisation 2008 norms, there

is a requirement of three (3) inflow gauges for the 5159.71 sq. km Periyar
basin (one flow gauge per 1875 sq. km). At present, there are 5 inflow
gauges in Periyar basin and the audit admitted that the inflow gauge density
is adequate as a whole. With respect to the audit observation that the free
Periyar catchment, comprising of 2367.22 sq.km of hilly terrain needs an
additional flow gauge to be located just upstream of Bhoothathankettu
barrage, it is to be noted that the frrigation department set up an additional
four Radar Level Sensors (three under NHP and one under DRIP) in Periyar
basin at 1) Malayattoor Kodanad bridge 2) Neriamangalam 3) Purappallikavu
and 4) Bhoothathankettu. Real time data generated from these RLSs are
available in the server maintained at the Integrated Command Control Centre

(1CCC) at Jalavijnane Bhavan in Thiruvananthapuram.
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[forecasting purpose.

State by setting up more Tipping Bucket Rain Gauges, Radar Level Sensors

and Automatic Weather Stations. The work for installing the devices was
awarded to the contractor at a cost of Rs. 10, 92,96,320/- on 27.01.2020. Out
of a total of 168 floud early warning systems purchased already, 97 Tipping
Bucket Rain Gauges, 46 Radar Level Sensors and 12 Automatic Weather

Stations were installed. Remaining 13 equipments will soon be installed.

Paragraph 3.4

Non- completion of a
intended for obtaining
required for flood management
Irrigation department awarded the work
for installing Real Time Data
Acquisition System to M/s Astra
Microwave Products Ltd, Hyderabad in
April 2014 at a cost of Rs. 1.34 crore.
Many of the equipment installed by the
firm are not E:&o_,._m_. Though more
than five years :m<m elapsed, the

project
data

a

objective of obtaining real time
hydrological data :mmﬁc_ for improving
flood management capabilities

remained unachieved.

In the year 2014;-.Government of Kerala decided to set up a real time flood

forecasting system by installing 8 Tipping Bucket Rain Gauges, 18 Raldar
Level Sensors and 19 Automatic Weather Stations in various river basins. The
work was awarded to the contractor, M/s Astra Microwave Products Ltd on
26th April 2014 at a cost of 1,37,97.337/-. The contractor was bound to
complete the installation of the system by 25.07.2014. Since data generated
from some of these devices were found to be erroneous and the firm failed to
fulfil their obligations to rectify the defects within the time limit or the
extended period, action has been initiated against M/s Astra Microwave
Products Ltd. for breach of the agreement conditions. Accordingly,
Superintending Engineer, Field Studies Circle, Thrissur (agreement authority)
terminated the contract of the firm vide proceedings dated 28.12.2021. On
30.12.2021, the agreement authority directed the Contractor to pay an
amount of Rs. 62,04,749/- within three months, towards tentative liability as

per relevant clause of Kerala PWD manual.
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found to be reduced from 68.533 MM3 to 51.609 MM3. wwmvm are being taken
for inviting EOL.

Chulliyar dam
Government vide G.O0 (Rt) No. 21/2021/WRD dated 07.01.2021 have

accorded sanction for awarding desilation work of Chulliyar dam to Kerala
Irrigation Infrastructure Development Corporation (KIIDC) on turn-key basis.

Walayar and Meenkara dams
Vide G.O (Rt) No. 22/2021/WRD dated 07.01.2021, desiltation work of

Walayar and Meenkara dams was awarded to Kerala State Mineral
Development Corporation Ltd. (KEMDEL) on turnkey basis.

Aruvikkara dam

As per G.O (Ms) No. 1/2020/WRD dated 06.01.2020, administrative sanction
was accorded for the desiltation of Aruvikkara dam and the Kerala Water
Authoiry was authorised to invite Expression of Interest (Eol). The work of
desiltation will be started without delay upon awarding the work to a qualified
bidder.

State of Kerala has now launched a project named as Operation Vahini to
clean and deepen all the major rivers and its tributaries, streams and canals
by removing silt and the objects that hinders the smooth flow of water to

prevent flood events in future. The project is going ahead successfully.

Paragraph No. 4.4
Obstruction of flood discharge

through Thottappally spillway

Length of the leading channel of the Thottappally spillway right from the
spillway to the sea mouth is 800m and it has a width of 380m. Due to the
accumulation of mineral sand in the downstream of the spillway and the




2yl Je pues o uUoiRINWNIDY “thnow Ayzod ayj je w G/ Jo yIpim e HuiAdnodo
pouwlo)} Sem Jeq pues e ‘Buibpalp ayy Bupeidwod 1aye syuow Maj e UIYIM

‘WQEE 0 PBUSPIM SEM LRPIM pue pauadaap
sem |[puueyd Aemjjids ‘ualssiw 6u)bpasp Buo|l Yuow omy 3y ybnoayyl
'0z0Z'L0°ZZ U0 9S0|2 B 0] dlEd SHIOM BuIbpasa TIWWY 01 panodsuen
sem pues wrqn> GIESLT 40 Ayauenb e yoiym jo Ino 'pobpalp sem
pues w-gnd Tg8zye 0 Auenb pajewnss ue ‘AiBUIpJOdDY "0Z0Z°60°0T U0
Aemj(ids ay3 Jo weassumop pue ynow yzod WoJy pues |eJauiul JO [BACWS)
paype)s Juswiedag uonehiu) ‘A1enisa ayy uapim pue uadaap 03 M3 2 Ul

WOgE 10 UIpm padinbals ayy Hufyoeal AgasauUl WOEZ _YHNd
¢ 0] papudIX® SEM UIpim jInsal e sy ‘pAAOWID) DIBM SID3IEMPOOY JO MO}
ayy BudNJIsqo aq 03 pauoxdai pue 810< 122k a3 ul paJagUNU AIBM LDIUM

‘s391) PULIENSED (GG ‘UOISSIW B3 JO ved sy "0Z0Z AeW pull UC eyznddely

‘yopjeisiutpe 32sIp Yl AQ UMOp IND DJOM WeansUMop U} JO apim
WORE SUl UIYIM pajue|d 219M UDIUM 'IIOUM € 5B saan 'AjBuipioddy Aueniss
ayy opisul pajueld s3313 24Ul YR SAOWSS 0) Papiap aAey JUBWLIBACYH
‘Aemjids ayy ybnoiyl SJ91EMpPOO)} JO Mol BUl Bupadwi
pajueld saaJs3 du3l 18U} paAlasqo Sem } SJulS
yjynows eas je 59343 J0 [EAOWS] JO SNe3S

WEST 03 WOBE WOy paanpal uasq pey
Aq ynow e3s 8y} apIsui pajueld 5993

ajels =aul
alam Alenise aul spisul

yipim ‘uawpedag Anjsaiod (21205 au3

\la._lf.\

" Buiop o5

JyiyMm SUONINUISU PIJe[d) JUIWUOIAUS
uexa 0 U0IeI2PISU0I anp
6uimB ‘Bas 8y) 03 S18jem pooy Jo Mmolj
paJapuiyun 8Insud 03 se 0S5 Ynow ees
ay3 ¢ ‘Aue ji Jeq pues Buidorenap Jo
Bupyeasy Afaull pue MSL 40 weaisdn
jpuuey> buipes| 8yl Jo buiuadssp Sk
yons syJom aspuoud ‘Aol JUBLULIBADYD),
DYRD JO UOIEPUSWIWOIRY

‘Alenysa ayl

JO anow 3y apisul pajuejd sa313 3yl 03
anp pue pues jeJaulu Jo uoljejnunode
snp palNnpal >_nﬁwu_mcou
abieydsip poold

ayy o
sem MSL aur ybnoin

e e —— e




/) 2

pozhi mouth is rampant. In 2021 also, dredging of sand was carried out in
the downstream. An estimated guantity of around 2,49,000 cu. m. sand
was dredged out and the exercise was completed on 27.08.2021.
Government had prioritised the work of breaking down the sand bar at the
pozhy mouth and is being carried out timely and periodically.

There is an erratic observation in the audit report that the width of the
leading channel of the TSW in the upstream side of the spillway from
Thottappally to Veeyapuram is only 80 m against the required width of 365
m. The leading channel of the TSW has a length of 11 km from Thottappally
to Veeyapuram. [n the upstream side of the spillway, there is no such
directive to maintain a width of 365 m along the 11 km stretch. In the
upstream it has a variable width averaging to 100 m. The banks on both
sides are heavily populated. Any change in width requires the people living
on the banks to be rehabilitated.

With regard to the downstream of the spillway, which has a length of 800 m,
it has been prescribed to maintain a width of 380 m. The prescribed width
has been maintained by the lIrrigation department by cutting the trees
planted inside the estuary and by removing the mineral sand.

A new service/scheme was started in 2022-23 financial year for ensuring the
smooth flow of flood waters from Manimala, Achenkovil and Pamba rivers by
deepening the 11 Km stretch of the leading channel of Thottappally spillway.
Funds provided for this scheme during the current financial year (2022-23)
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Public Accounts Committee (2021-23)-Action Taken report on

Defence in the State

objective of training and equipping
sufficient number of Civil Defence
volunteers. Civil Defence needs to be
strengthened in the State through
ensuring

a) adequacy of communication facilities
and trained  volunteers including
availability of licensed HAM radio
operators, and

b)availability of emergency responder kits

to enable timely and effective rescue
operation during emergency/disaster
situations.

' nmSc. report No.6 of the year 2021. -

Para No. Recommendations ] >ozo: Hmwmu
iH.u_E.m N.m The State may M:Emﬁﬂ action to The Civil Defence System formed under the
lmplementation of  Civil|operationalise the Civil Defence Training Kerala Fire & Rescue Services as per  G.O.
Institute for the fulfilment of the intended | (Ms)No0.132/19/Home  dated  31/08/2019,

started functioning from December 2019.

Online applications are invited from the
public who are willing to work with the fire
service as volunteers. A total of 6200 Civil
Defence Volunteers were recruited across the
state and recruited 50 trained volunteers at
each fire station. A 15-day curriculum has been
prepared to impart station-level, district-level,
and state- level training to the selected civil
defenice volunteers, It was decided to conduct
the state level trainings at the Civil Defence
Academy, but as around 100 personnel,
vehicles, and equipment of NDRF are camping
in the said building. The civil defence
volunteers are currently being given state level
training using the limited facilities of the Kerala
Fire & Rescue Services Academy.

About 3,600 Civil defence volunteers have
been trained in disaster relief and disaster
preparedness operations under these limited
circumstances. The training of 3679 volunteers
selected in the second phase was also srarted.
Civil defence is functioning under the

department with an aim to train at least 1% of
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Para 2.7

-

training  to  volunteers  from the other 13
districts. As requested by KSDMA the details of|
3679 Civil Defence Volunicers have been|
provided to them for imparting emergency
training .

Para 2.6

Revamping of Kerala Fire and
Rescue Services Academy

Priority needs to be given to review the
adequacy of equipment, vehicles and
infrastructural facilities in the Fire and
Rescue Services Academy as well as in
Fire and Rescue stations so that the GoK's
dedicated force for rescue services may be
adequately equipped to handle any flood
or other disaster situation.

As  per G.0.(R1)3765/2016/DMD  dated
22/09/2016  Government had accorded
administrative sanction for an amount of
Rs.98.25 lakh for the renovation of Kerala Fire
and Rescue Services Academy at Viyyur .

Out of this closed circuit television surveillance
system has been completed for an amount of
2.50 lakh rupees. Rs.18,12,163/- was available
for the construction of the conference hall.
Construction work has been complered
accordingly. But the remaining part of the
construction work as per the proposal is yet to
be completed. Steps are being taken to prepare
estimate and plan for constructing Hi-tech
classrooms (2 nos.), Modern library system,
Health club facility, Centre of Chemical Disaster
Response Training Yard with PPE and Chemical

laboratory systems.

Non-functioning  of  Virtual
Cadre ° for Disaster
Management

Virtual Cadre needs to be formalised and
strengthened in the State 50 that the
disaster-specificnodal departments could
work in tandem with the State/ District
Emergency Operations Centres through
the cadre, for ensuring coordinated
response fo disastrous events

As per Section 16 of the Disaster Management
Act 2005, steps are being taken to form the
virtual Cadre Force.
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Public Accounts Committee (2021-23)-Action Taken Report on Para No. 2.5.1 of C&AG Report No.6

SI.
No

Audit Para

of the year 2021

Recommendations

Action Taken

Para 2.5.1
Unfruitful
expenditure  of
1.54 crore on
construction of
Civil Defence
Training
Institute.

The State may initiate action to
operationalise the Civil Defence
Training Institute for the fulfilment of
the intended objective of training and
equipping sufficient number of Civil
Defence volunteers. Civil Defence
needs to be strengthened in the State
through ensuring

a) adequacy of communication
facilities and trained volunteers
including availability of licensed HAM
radio operators, and

b}  availability of  emergency
responder kits to enable timely and
effective rescue operation during
emergency/ disaster situations.

Civil Defence was officially formed in
the State under Fire and Rescue
Department on August 2019 and the
Civil Defence Academy has also started
functioning during the same period.
Even though the Civil Defence Academy
Viyyur was handed over to Fire and
Rescue Department on April 2018, it is
still being used for the accommodation
of the NDRF team members and could
not be utilized for Civil Defence training
and therefore, the Civil Defence
Academy is functioning in the Hostel
Block of Fire and Rescue Academy,
Viyyur for the last 4 years. No training
facilities -classroom, accommodation
facilities, mess, toilet facilities etc. are
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training facilities and accommodation
facilities could not be allotted for the
Civil Defence training. Also, Fire &
Rescue Services Department will be
starting refresher courses for the Civil
Defence Volunteers who have already
completed the training and four
refresher courses on various subjects are
scheduled to be conducted in the coming
months. The Department must impart
training to the Civil Defence Volunteers
all over Kerala and do not have the
accommodation facilities for conducting
the residential training. Lack of
accommodation and other infrastructure
facilities in Civil Defence Academy have
adversely affected the Civil Defence
training in the State.

As of now, there is no land or
building available with Fire and Rescue
Department for Civil Defence training in

¥
b

[




a@Preguit WD
Fupapbeinn® O
" plen oo
Eetans JomchB®
gnapcuros Ui

o

Jupunredac
anuoAdY 93 JO UONBIIPISUOD i) I19pun
Mou SI auwes 2yl ‘LD Ioj Sulp[ing
Suponnsuod  I10]  wemndeuwreAewey
“IAATA ‘Awapedy asusja(g
[AID jo punodwiod ay3 je pue[ Jo SaIde
¢9'y Sumiofe Ioj [esodoxd e papruqns
pey jusunJeds( SaDIAIGS BNISAY ﬁ:m.
211 ‘[eIaUdD) J0RIT Y] pazZIin 3q
00 PO 31 BuIpng 1LJD JO UONDONIISUOD
10§ jusunteda SOOIAIDS 2NSAY B AU
01 panoje Sureq 218 Spurny YSNOwp UAd
‘QIopfoyl, ‘Jes) Jusunleds SnuUAAY
511 L}IM SUTRWDI (S210€ §) PUB[ 2IKUL JO
Tduys1aumo a3 8107 Jdy uo usunredsq
anosay pue oI 01 ISA0 PIpUBRy SBM
MAAIA ‘LLaD 2U 43noy) udAy ieis a1l




(1

Remedial Measures

Taken Statement

Performance Audit on Preparedness and Response to Floods in Kerala

Report No. 6 of 2021

Para

Recommendation

Action Taken

23

Non-enactment of legislation to
identify and demarcate Flood Plains in
the State - Government of Kerala may
initiate action for
legislation/regulation on flood plain

£

Authority to identify and demarcate
flood plain zones of the State and to

prohibit or restrict the use of these]
lands.

zoning, as well as constitute an|decided to conduct a detailed technical

The matter of delineating and
demarcating flood plains being related to
Water Resources, based on Ltr. No. 33-
02/2020-NDM-1 dated 14-1-2022 from
Ministry of Home Affairs, Govt. of India, a
request has been sent to the Department of]
Irrigation, Government of Kerala to
consider the recommendation for
‘delineation and demarcation of flood plain
zones on certain notified stretch{es) of]
rivers(s) within the State and regulation of
various activities permissible therein’. The
Permanent Expert Technical Committee for
Hydraulic and Hydrological Studies chaired
by Principal Secretary (Ex-officio), Dept. off
Science and Technology, Govt, of Kerala
and convened by Chief Engineer, IDRB
examined the matter in 14-3-2023 and have

conclave to examine the matter in detail.

Mapping of flood plains are part of land
use zone mapping and is not a function of
Disaster Management Authorities under any
provisions of Disaster Management Act,
2005. KSDMA has mapped flood probable
zones and have published the results for
historical 1 in 10 year to 1 in 500 year
scenarios and in the worst case climate
change scenario of RCP 8.5, in public
domain. The document and the maps have
been shared with local government
department and via Orange Book to all
departments on May 2022.

The following rule positions are clear in
this regard and this view of the State
Government is also upheld in the
judgement of WP(C) No. 33405 of 2018
dated 28-2-2022 by Hon’ble High Court
(Division Bench). The final paragraphs of
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Hhe samie shows that severu

the orders are reproduced hers Fer f
tacl s
being  considered  for the  sciantific
1ssessment of flood prone areas w the Staet
ang court cannot fix any outer timt for the

complation of this work. Aimost ali the

Flood Hazard Map not conforming o
criteria - Government of Kerala may
rake steps to ensure availability of]
large scale flood

reliefs have been addressed by the|
respondents (Government of Kerala, {Futer
Resowrces Department, IMD, CWC. | KW
NDAA KSDMA, C & 4G, Gove. af Indiay.
In view of the above, the writ petition is
disposed of directing the respondents to
take oll possible remedial measures and

hazard maps
conforming to CWC criteria which
would facilitate  planning, policy

making and prioritisation of flood
mitigation activities by identifving
lood risk areas.

regalavly monitor the same without any
fatlure’.

In the imeantime, KSDMA in
collaboration with UNEP, UNGRID and
CIMA Ttaly has prepared flood hazard
probability maps for entire Kerala and is
published in the website of KSDMA
h‘g_t_'_ps:/.’sdmEt.kera!a.gov.in/hazard—mao_s_[_.
Thesc maps are prepared m 90 m by Y0 m
spatial resolution.

Thus, while the notified central agency
is yet to deliver, KSDMA took initiatives o
use available information in  the best
possible manner and has utilised {lood
maps prepared by NCESS from 2016 and
now prepared refined hazard susceptibility
maps jointly prepared by KSDMA-UNEP-
UNGRID-CIMA

With a view to gainfully utilise the asset
4 conscious decision was taken (May 2016)
to provide the building for housing
National Disaster Response Force ( NDRYE)
which is a valuable response arm of the
Government. Another portion of the
building was allocated for the functionmng
of the office of Civil Defence Institute. This
strategic decision was made in consultation
with all departments including Fire &
Rescue Services to facilitate
response to Disasters in the State.

prompt

This decision had also avoided wasteful
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Mitra Scheme- The State may initiate
faction 1o operationalise the Civil
1)

Defence  Training Institute  for

i g : thelutilisation of their services for undert: aking
fulftilment of the intended objective of

tratning  and  equipping

sufficient !
number of Civil Defence volunteers.

L]

i xpenditure which wouid otherwise have
ientaiied for kDm Such

DRF
{Team 1n the building along Wlth {DI

«during the monscon season also facilitated

acconmumodatin £

civil defence training in the State. |

It may also be noted that Civil Defence

n e g Civil Defence needs to be strengthenedibecame fully operational in the Stale enly
77 in the State  throngh ensuring a)lin 2019 (GO (Ms) No. 132/2019/}Tome
adequacy of commurication facilities|dated 30-8-2019) and now all districts of
: and  wamed  volunteers  including|Kerala are notified Civil Defence Districts
“ ailability of licensed HAM radiofwith 10000 Volunisers. Thus, through
!.1}161‘111015. and b) availability of|judicious decision for utilisation of an|
emergency responder kits to enablelotherwise idled building in 2016, the
timely and effective rescue operation|Government  could  avoid  wasteful
iduring emergency/ disaster situations. |expenditure. The NDRF provided gainful
, capacity building trainings in the State and
! thereby mcreased civil defence ability.
Further, it may be noted that this has not|
hampered the constitution and fimclioning)
of Civil Defence in the State. The State as
on April 2022 have meore than 10000
operational  trained  Civil  Defence
Volunteers under the Fire and Rescuel
Services.
However, efforts are ongoing i{)g
persuade NDRF to establish their own
Regional Response Centre in Kochi at the
earliest and move out of the CDTL
The Department is provided with additional
fund allocations from Stale Disaster
' Response Iund based ~on request from
. Home Department. A recent example of
providing funds to Fire and Rescue
. ) Services from SDRF may be found in GO
Revamping of Kerala Fire and Reqcuv{m) No. 850/2022/DMD dated 3-12-2022,
| Services Academy - Priority needs (o, GO (Re) No. 794/2022/DMD dated 29-10-
be given to review the adequacy Ui"’f.llfl and GO (Rt) No. 199/2023/DMD
' equipment, vehicles and infrastructural dated  28-03-2023. Funds  were  also
2 6 facilities in the Fire and Rescue

dedicated force for rescue
LA R

¥

1

o adequately equil au ne

Services Academy as well as in Fire
and Rescue stations so that the GoK’s
SEIVICes
ilul

provided through Aapda Mitra scheme for
arranging necessary facilities in Fire and
Rescue  Academy and Water Safety
Academy to frain voluntess Thus nver

I
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any flood or orher disester situation. jand  above the fonds made  avelubl

itirectly by the Government funas are

E made available by SDMA to Fie andi
ii Rescue Services after adequate evaluation}
i of need. :
S R i

|

Deployment and maintenance o]

{L‘Oml“ﬂuﬂicﬂtion and alternate

jcommunication infrastructure in dam sites
1s not the responsibility of KSDMA as per
the extant norms in 2018, This is a specific
responsibility assigned to the Dam Owners
(in Kerala dam owners are KSEB.
[rrigation and KWA) by Central Water
{Commission [Guidelines for Developing
Emergency Action Plans for Dams Doc.
No. CDSO GUD DS 01 v2.0, February
2016]. Thus, a specific authority f(or ths
purpose 1s notified by CWC, the national
nodal agency under Disaster Management
Act, 2005 For management of floods. As of
2019, the Government of India has formed
National Committee on Dam Safety and
State Dam Safety Organisation under the
Dam Safety Act, 2019 {Central act 41 of]
2021).

It is known to KSDMA that KSER and
[rrigation Departiment has provided Satellite
Phiones in dam sites as an alternate
communication means.

The recommendation that KSDMA should
ensure fail proof connectivity to all
covernment offices 1s not., pragmatic.
Govermnment is in the process of integrating
Government offices with at least one
communication network such as K-Phone
which 1s ubiquitously available for civilian
communication. 92 Emergency Operations
Centres in the State are networked through
2 wired and 2 wireless commuication
systems.

=20 fai) proof commnmientis ' -
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jpossible only based on near earth satzilites,
twhich funetions in narrow bandwidths suei
, as Starlink of M/S SpuceEx, Kuiper of M/S]
i Amazon, OneWeb and Telesat. Even these
are  subjected to failures based on
i dependencies such as baleries, systomic,
tailures and solar {lares. None of these are
currently offering any service in India.

The communication infrastructure like
GSM, telephonic, internet communication
elc. were temporarily disrupted tn several
areas during or subsequeni to the 2018
floods due to power failure and opticai fibre
disconnection etc. This is not a case only in
Kerala, but is a case across the world.
There are no global examples to show case
that communication systems worked in an
uninterrupted manner in an area that was
affected by a 1 in 300-year rainfall return
probability flood. Currently. the national
system of 112 is the primary network for
emergency reporting  and  coordination
which also works on existing BSNL
backbone and thus is also not 100% [ailure
Maintenance of  Communication|proof.

Infrastructure - KSDMA may ensure
ihat fail-safe communication|The remark  of Audit to continue
infrastructure  is available in vitalfmaintaining VHE is not acceptable as these
installations such as at dam sites and[aT¢ analogue systems of the past and
that a built-in redundancy of different/KSDMA cannot invest in old systems with
layers of communication capable offaumerous failure points and dependencies.
functioning during the most adverse The one and only VHF network that is 1o be
circumstances exists in flood-prone maintained in the best interest of the State
locations across the State. 15 that of Police which also 15 moving on
the Digital Radios. As recently as i March
2021, Government of India itself is trying
to focus on satellite phones and satellite
based PolNet2 for disaster communication.

The International Telecommunications
Union, the regulator of]
Telecomumunications Standards, in their
recommendation ITU-R M.1854-1 states
the following "that  mobile-satellite
terminals and ancillary equipment may be
ubiquitously deployed and at times may
represent  the only wviable solution to
provide emergency  telecommmumication
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services for reliet operations”. The R
Handbook on  Mobile-satellite samHest
(MSS) states that "To overcoms the‘l
disadvantages associated with HE and VHE!
radio communications, the In ernzﬂ.tonzill
Civil Aviation Organization (ICAUL al
specialist agency of the United Nmions,\
encouraged the development af saiellite-
hased communications”. This i the pathi
that KSDMA is resorting. 10 facititate]
satellite based communication Systems toi%

|

critical emergency coordination offices.

The critical response coordination olfices
of Kerala being the District Emergency
Operations Centres and Stale Emergency
Operations Centre has 6 ta 7 layers off
communication systems including Internet,
GSM, Land phone, Hotlines, ISAT and
Police Wireless. At fdukid, Frnaluliam,
Wayanad DEOCs and State EQC there 15
also NDMS VSAT connectivily. Slate has
also supplied 14 Digital Radios  wilh
Antenna, GPS and Programming Kits and 4
oeperators to Fire and Rescue Services. 4]
SBMDVTs are also under procurement.
There is thus a healthy mix of civilian and
official communication systems with the
most current technology that’s accessible to
civil administration. By increasing the
qumber of media of communication, the
passibility of communication failure 1s
reduced significantly; When on¢ system
fails, yet another system will be used. None
of the above systems are always-on
systems.

The sgeneral causes of disruption arel
physical destruction of  metwork
components,  disruption in  supporting
network infrastructure, network congestion,
etc. For example, when a mobile tower 18
affected, the connectivity may get disrupted
during which the land phones or hotlines or
satellite phones may conie in handy.

Cellular on Wheels (COWs) are also
deployed for much needed connectivity in
temne nf amerpencies in order t~ add on to
|
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communication  redundancy. Thus 2l

solutions accessible and ailoraabiz W

mrade uvaiae e rgeTy Coord AT,

The NDMS project involved the supply of]
4 [SAT phone, 4 VSAT terminals and
support of 4 field engineers by NDMA
through BSNL. i

As the NDMS systems were not handed
over to the State/Districts and the project
was not completed, the Additional Chiel
Secretary. Disaster Management requested
(9-3-2018) NDMA to consider exlending
the term of service of the Field Engineers
for 6 months from June 2018 omwvards.
Further, the State also requested to extend
the project to all districts and to provide
clarification regarding the AMC. Thus, the
SCOC took pre-emptive action prior to
floods to ensure the continuity of services
of NDMS.

It may be noted that in August 2018, the
VSAT system or any of s components
were not officially handed over to the State
or Districts for operational mamtenance.
The matter that the VSAT system at SEOC
needs (o be shifted to the new premises and
rectification of faults of the VSAT system
of Idukki, Wayanad and Ernakulam was
taken up with NDMA as no resolution was
forthcoming from BSNL. As mentioned

earlier, the ISAT Phones were a part of the
deliverables of the NDMS project. The
ISAT Phones (4 numbers) were delivered
(17-8-2018) and were issued to DEOC
Ernakulam, [dukki and Wayanad despite
flood conditions in these districts. Thus, it
is evident that the NDMS project was not
completed and handed over to the State and
Districts during the time of floods and the
ISAT Phones which were an integral part of]
the project was delivered on 17-8-2018.

From the letter of NDMA to BSNL, 1t is
evident that SEOC did all 1n its capacity to

continuously follow un nd ecealate the
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wlependencies and hence there is possibiliy
that the system may il on a given day ou!
the communication requirement shatl be
met by another system available with

SEQC/DEOC,

The SEOC in writing requested BSNL vide
SEOCProj/207/2016 dated 4-7-2018 that
support should be provided to relocale the
VSAT terminal to the new building. A
reminder seeking urgent action was sent on
17-10-2018 and 18-1-2019 and 17-5-2019.
NDMA  requested BSNL o render
necessary  service as on 13-1-2002. A
response was received on 17-5-2019 {rom
BSNE informing the cost of relocation.
Vide SEOC/Proj/207/2016 dated 13-7-2019
and 13-8-2019, SEOC agreed to make the
payment. As no response was forthcoring,
vide SEQC/Proj/207/2016 dated 3-10-2019,
the matier was informed to NDMA.
NDIVIA vide Letter i Mo.
18/01/201 7K erala/ NDMS  dated  10-10-
2019 also directed BSNL to do the needful
to shift the VSAT terminal to the new
building of SDMA. After such constant
follow wup, the BSNL relocated the
instrument to the new building on 15-10-
2019. Thus, it is evident that SEOC did
everything in its capacity to promptly
operationalize the VSAT terminal even
before the entire office was shifted to the
new building of SDMA. However
adequate help was not forthcoming from
the concemed technical agency and the
matter was also reported to NDMA
promptly. Since several other
communication systems were available for
use during the period as indicated above, it
is not correct to ohserve that there was ne
tailsafe commmunication network.,




HKSDMA was aware of the foct '-‘111* = AT
Phones will not work mdoors but it :s 0
true that ISAT phones do not work dunng
overcast conditions. As it 15 with any
satellite signals (including DTH television).|
there is reflectivity interference and hence|
during cloudy conditions and high solar
insolation the reception and return sigoals|
are affected temporanly and thereb: thel
quality of voice and the bandwidth 011
transmission may be affected. This depends
on the location from which the phone is
used.

The National Disaster Management Plan
2019 prepared under Section 11 of the DM
Act, 2005 clearly lays down the
responsibilities of National and State
Organisations in Earthquake Monitoring
and establishing real time montoring
networks. The responsibility of DMD,
SDMA, DDMA and RD is ‘Share
information widely’. Establishing such a
network 15 therefore not a statolory
responsibility of State Government, but is
the responsibility of Ministry of Eartly
Sciences, Ministry of Electromics and
Information Technology and National Jevel
Research and Technology Institutions.|
Thus, the statutory responsibility to
establish such instruments depending on
need is upon Ministry of Earth Sciences,
Ministry of Electronics and Information
Technology and National Level Research
and Technology Institutions including
NGRIT 1n consultation with National Centre
for Seismology. From the available
information in the website of NCS, there 15
already sufficient earthquake monitoring
instrumentation  for  disasier  related
information dissemination m the country
and the State. The responsibility to consider
increasing  or  decreasing such  an
instrumentation is that of the Ministry of
Earth Sciences, Ministry of Electronics and
Information Technology and National [eve]
Research and Technology Institutions
including NGRI in consultation with

l

Naticnal Centre for Seismologv.
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Non-functional staie-of-the-art Digzital
'Seismographs - Keeping in view the
lrole of the seismograph network In
dukki in studying seismic behaviour
iand their linkage to the safety of dams
lin the region. Government of Kerala
lmay ensure that the network of
seismographs a8 recommended by
NGRI is put in place at the earliest and
the agencies concemed receive real
time seisinic data from these locations.

_#
1

With the enactment of the Dam Safets Act ‘,
2021 specific STALUoT dirention
and responsibility on dam owners for]|
establishing such a system under Seclion
34 (1) & (2) of the Dam Saferv Act, 2021

Cthere 13 @

34. (1) In the case of every specified dam.
having a height of thirty metres or above ot
Falling under such seisiue 7008, a5 M7y be
specified by the yegulations, the owner of]
the specificd dam  shall establish  a
seismological station in the vicinity ol each
such dam for recording micro and sirong
motion earthquakes and such other data as
may be specified by the regulations.

(2) Every owner of a specified dam shall
collect, compile, process and store data

referred to in sub-section (1) at such
suitable location and mn suchh manner as
may be specified by the regulations.

KSER has informed that they have initiated
procurement  for establishing  seismic
equipment and data acquisition systems in
the observatories by adopting state ol the
art technologies, vide email dated 23-3-

2023 from Chief Engineer, Dam Safety &
DRIP (cedamsat"ety(iilgm_aiLgam).

Vide Ltr. No. PLI(A) Mon/36806/2017
dated  2-7-2022, the Chief Engineer,
Irigation Department has informed that
they are establishing seismic monitoring
instruments 1 9 out of the 16
dams/barrages that are under the said dam
owner.

Further, the spare seismograph was meant
specifically as a Spare and not as a routine
deployment equipment. By the time the
procurement and training were completed,
ESDMA had begun construction of its new
building and the authority moved to its new
building in a busier road, in the city. The

Ilracntion is not appropriate n natahbiching




|seismegraphs as local heavy tratfic n th
road will impose noise on such brohly
if.-‘:r':nsitive instruments.  Therefore,  the|
instraments have been handed over to
KSEB on 3-8-2020 based on their request
|for a Spare.

]' Kerala ~ has  witnessed  rapid
urbanization in the last two decades and
almost hall (47.1%) of its population
resides m urban areas. The population o
the state has increased from 31.8 million in
2001 to 33.8 million in 2011 with a growth
rate ol 4.91%. According to the Census of
2011, the urban population in eight out of
fourteen districts in the state have increased
by more than 40% and the share of urban
area in ten districts have more than doubled
within a decade. The number of urban
settlements within the territory of Kerala
has increased from 21 in 1901 to 520 in the
Census of 2011 and this trend is expected 1o
continue in the coming years. This includes
six municipal corporations and eighty-
seven municipalities with sclf-governing
authority. Thus, population pressure and
needs are determining the conversion of]
land use/land cover.

The State Disaster Management Plan
2016 clearly identified land use change as a
critical factor increasing the disaster
vulnerability of Kerala. Enactment of a new

integrated, risk sensitive and terrain
specific land use legislation 15 highlighied
in the Rebuild Kerala Development Pian.
This is the only means of reducing disaster
vulnerabilities of the State.

While Audit examines land use/land
cover change in the State it may also
acknowledge that the State Disaster
Management Authority through State
Disaster Management Plan not only
identified, but also succeeded in ensuting
risk sensitive land use restrictions in the
State such as the following:
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Result of LULC study in the Periyar
|!basin - In view of the drastic change in
land use over the past few decades
1i\.‘.'ith its impact on the recent floods,
|Government may initiate urgent steps
to review the adequacy of the measures
initiated to reduce the risk of
wulnerability to floods, attributable to
changes in land use. Government may
alsp initiate steps for an integrated and
comprehensive legislation and a land
use policy after reviewing the existing
land management related
Acts/rules/regulations/policies ete. to
[reduce  disaster vulnerabilities, as
lhighlighted in the Rebuild Kerala
‘I evelopment Programime.

[
b

land use as a major determinant factor ofj
vulnerability 1n

No pernussion for blasting tvpei

quarrying in the high hazard zonzs ot
Kerala (Upheld in WP (C) No. 4072
0f 2017 dated 16-11-2013)

Restriction in construction types in
Wayanad district owing (o hasard
proneness based on the advice of
KSDMA (Upheld in WPB(C) No.
24873 of 2015 (17) dated 3-11-2015)

Limiting extraction of ground water

to 25% of the permitted amount m
light of drought (Upheld in WP {C)
No. 2986/2017 (W) dated 11-04-
2017

Prevention of obstruction of streams

and natural drains - based on the
direction of KSDMA, the
Government amended the Kerala
Municipal/Panchayath building rules
in §.R.0O. No. 8§28/2019 dated 8-11-
2019 and included Section 22 (4)
"No constniction shall be made to
obstruct the natural drams and
streams in a plot. Failure to comply
with this instruction  will  tovite
penalization under Section 51 ol the
Disaster Management Act, 2005
(Central Act, 53 of 2005)".

Report of the Technical Committee

for suggesting amendments to the
techno-legal regime
(https://sdma.kerala.gov.in/wp-
content/uploads/2019/10/14-FINAL-
RECOMMENDATIONS-TLR-IN-
DM.pdf) - The report was issued to
Local Self Government Department
to amend the Kerala Municipal &
Panchayath Building Rules by the
State  Executive  Comumittee  of]
KSDMA

Thus, KSDMA not only 1identificd

the State, but also
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STATEMENT OF ACTION TAKEN ON THE REMARKS CONTAINED IN REPORT No.6 OF THE
1 OF COMPTROLLER AND AUDITOR GENERAL OF INDIA RELATING TO

YEAR 202
PREPAREDNESS AND RESPONSE TO FLOODS IN KERALA

Introduction

At the outset, it is important to note that the entire State of Kerala had experienced
unprecedented and torrential rainfall in the month of August 2018, which assumed the
proportion of a severe natural disaster tantamount to a similar calamity occurred 94
years back in 1924. This storm of 15-17, August 2018 was spread over the entire land
mass of Kerala State with 1ts eye centered at Peermade, where more than 800 mm
rainfall recorded. Such an extreme event was handled by the State Government as well

as KSEBL as a crisis management on a real time basis.

The quantum of rainfall experienced in the Periyar basin during a short period of 3 days
from 15" to 17" August, 2018, if we distribute over the entire Periyar river basin would
amount to 584 mm, which represented 32% of the average rainfall received during the
four months of the South-West Monsoon, which in turn rendered all the flood control
operational machinery out of gear. The catastrophe brought in its wake large scale
floods and destruction of property besides loss of life.

The ecrisis management of Dam Safety and reservoir operations during the catastrophic
flood period was done by KSEBL under the direction of KSDMA and based on the
weather data provided by Indian Meteorological Department (IMD), on a most critical
path without having any definite idea about the exact spread of rainfall, its intensity and
quantam of precipitation which are essential to estimate in advance the amount of
actual inflow of water expected into the reservoirs. The parameters available were the
instantaneous inflow estimated based on the actual reservoir levels, reservoir level

capacity curves and the design details of dams.

The critical path management of dam safety and operations was satisfactorily carried
out with available data despite heavy flooding and inundation of the river basins. A
report on the Kerala Floods 2018 by the Central Water Commission (CWC), the apex
body under the Government of India, published in September, 2018 has also
corroborated that the dams in Kerala have in no way contributed to the floods but have

1
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ation as released volume from the

Table 3.4: Contribution of daily spills from Idukki and
Idamalayar dams to the observed flow at Neeleswaram gauge

station

Contribution of

Total observed Flow total spills from

spills from Ydukki and

) observed at
Date Idukki and Idamalayar dams to
Neeleswaram

Idamalayar (MCM) flow at

dams (MCM)* Neeleswaram (per
cent)

1 2 3 [(2)/(3)] * 100
et 91.06 196.13 46.43
S 192.47 532.83 36.12
Eas 234.53 793.93 29.54
Hq.cw.wou 185.85 796.44 23.34
18.08.201 104.11 612.75 16.99

*The spills presented for Idukki and Idamalayar dams for a day
correspond to the observed flow during the 24 hours from 7 AM on
that day to 7 AM on the next day.

(Source : Report of [IS¢, Bangalore)

The contribution of the spills from Idamalayar and Idukki dams
together, to the flows at Neeleswaram gauge station during the
period 14 to 18 August 2018 was significant at 46.43 per cent, 36.12
per cent, 29.54 per cent, 23.34 per cent and 16.99 per cent
respectively, though as the extreme rainfall event continued for a
fw days, the contribution of the spills in percentage terms is seen to

reservoirs had only minor role in flood augment
reservoirs were almost simitar to inflow volumes.
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As evident from the table, the operation of the Mullaperiyar dam
had a negligible effect on 14 August but its contribution to the
inflows at Idukki was significant during 15 to 18 August (>20 per
cent), considering the magnitude of the floods.

Government in its response stated (September 2020) that the
contribution of Mullaperiyar dam to the inflows of Idukki during the
period of severe floods from 15-18 August 2018 was very
significant. Since sudden and unexpected releases from Mullaperiyar
dam by Tamil Nadu Government was expected any moment without
notice and the quantum of inflow to 1dukki reservoir was not known
in advance, KSEBL had to provide sufficient flood cushion to
ensure safety of the dam as well as controlled release. But for the
sudden release of 169.97 MCM of water from Mullaperiyar during
the extreme flood days, the attenuation of downstream flood would

have been more significant.

The departmental response indicates the need to prioritise and have
in place an integrated reservoir management plan, particularly in
multi dam basins, This is significant both because i) the control of
reservoir/ dam operations in the State is distributed among KSEBL
and the Irrigation department and ii) there is the likely impact of
spills from dams under the control of one State in the downstream
reservoirs and rivers of another State.

The National Disaster Management Plan lists among the
responsibilities of the State (in the context of understanding floods),
the implementing and monitoring of flood preparedness, river basin
and reservoir management plans including updating rule curves and
improving the system of water release from reservoirs.

Audit examined the aspect of the compliance of dam operators to
rule curves and the findings are as follows.
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Tollowed in simulating the reservoir operation are given In
Appendix 3.4. The results of the simulations are given below.

3.6.2. Operation of Idukki reservoir using the 1983 rule curve

The Idukki reservoir operation was simulated with the rule curves
developed in the years 1983 (Appendix 3.5) and 2020 (Appendix
3.6) to determine the quantum of spills and to compare these spills
with the actual spills that occurred during the 2018 flood period.
Table 3.6 shows the observed spills at Idukki dam during the flood
period and the spills if the rule curves of 1983 were followed.

Table 3.6: Comparison between actual spills and the spills
simulated using the rule curves of 1983 for Idukki dam

Spills when rule levels are applied (MCM)
Actual Initial storage level for simulation
spills (starting date —
Date 2018 June 30)
(MCM | Upper Lower
y* | Rule | Rule | Actual>forase
Level” Level* 2
14.08.2018  46.26 74.06 0.00 74.06
15.08.2018 111.24 154.94 0.00 154,94
16.08.2018 124.65 144.88 123.82 144,88
17.08.2018 115.20 101.59 101.59 101.59
18.08.2018  70.16 82.72 82.72 82,72
Total 467.51 558.19 308.13 558.19

“Start with upper level; Spills computed once storage Crosses upper

level
+_.art with lower level; Spills computed once storage crosses upper

Table 3.6 of the Audit Report based on the simulation done by IISc, Bangalore is
conclusively proved that the decision of KSEBL Management to create a dynamic flood
cushion of 4 ft in Idukki reservoir prior to 2018 floods, rather than following 1983 rule

curves, helped to moderate the intensity of the actual spilling to a certain extent.
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protocols including “rule curves” were included.

3.6.3. Dam operations based on 2020 rule curves

In order to see how the application of Rule curve of 2020 for Idukki
dam operations would impact spills from the reservoir in case a
scenario similar to the floods of August 2018 were to happen again,
simulation studies were carried out. Simulation of the reservoir
operation of Idukki rescrvoir shows that if it was operated according
to the rule curve of 2020, the spills from the reservoir during the
flood period would be 531.03 MCM which is higher than the actual
spills of 467.51 MCM (14-18 August, 2018) as shown in Table 3.7.

Table 3.7: Comparison between actual spills and the spills
simulated using the rule curve of 2020 for Idukki dam

Spills when rule level is applied (MCM)
Actual ' 5 . .
- Initial storage level for simulation
Date wﬂH M (starting date — June 10)
(MCM)** |  Rule Level” Actual Storage
Level
108201 4626 68.63 68.63
1505201 11124 149.51 149.51
wm.cw.uou 124.65 139.45 139.45
17052011 11520 96.16 96.16
18.08.2018 70,16 77.29 77.29
Total 467.51 531.03 531.03

“Gtart with rule level; Spills computed once storage Crosses rule

CWC reviewed the above rule curves submitted by KSEBL based on the national norms
and new flood data of 2018. The revised rule curves recommended by CWC was
implemented by the KSEBL in 2020 and the reservoir operation since 2020-2021 was
being done based on this revised rule curves.

As per the revised rule curve, Idukki reservoir is provided with a dynamic flood cushion
of 16.19 ft (270.63 MCM) at 2386.91 ft between 11 to 20 August. The very purpose of
the dynamic flood cushion is to accommodate a good portion of the flood in the
reservoir transiently during flood times and distribute it over a long period rather than

discharging the same then and there.

Audit had relied a simulation study done by the IISc, Bangalore which blindly
discharged all flood waters then and there, whenever it is crossing the rule curve,
rather than transiently storing the flood waters in the dynamic flood cushion zone.
The above simulation studies relied by the Audit lead to an incorrect conclusion that if
the rule curve of 2020 were followed in Idukki, the spills would have been more than
the actual spilis. The above simulation operation done by 1IS¢, is applicable only if the
water level in the reservoir is at FRL or above and not in the dynamic flood cushion

zone.

If all flood waters are discharged to the downstream river then and there, when the rule
Jevels are being crossed, even when sufficient dynamic flood cushion is available, then
the upper rule curves are wrongly treated as full reservoir levels, thereby defeating the
very purpose of the dynamic flood cushion. The non accounting of the dynamic flood
cushion is a fatal error that had vitiated the IISc accounts.

Audit’s inference that introduction of 4 ft dynamic flood cushion prior to 2018 floods
did not prevent spills fo 467 MCM failed to acknowledge the very fact inferred by them
that such an action had reduced the spills from 558.19 MCM to 467 MCM (See Table
3.6). When the upper rule curve and FRL becomes one and same, then no regulation is
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ﬂ ‘ [ | [ nature”. This is evident from the inflow and outflow graphs provided in the (Extracts |

18.08.2018 33.94 33.38 33.38
Total 340.50 323.49 wmw.r_cl_

“Start with rule level; Spills computed once storage crosses rule

level
*Start with actual level; Spills computed once storage crosses rule

level
**The actual spills (2018) presented for a particular day are the

observed
spills during the 24 hours from 7 AM on that day to 7 AM on the

next day

(Simulations were carried out from June to September 2018; results
for the flood period alone are shown)

(Spills are accounted only if the simulated level exceeds the crest

level)
(Source : Report of [ISe, Bangalore)

It is observed that if the Idamalayar reservoir was operated
according to the rule curve of 2020, the spills from the reservoir
during the flood period (14-18 August, 2018) would be 323.49
MCM (less than the actual spills of 340.50 MCM). Even if the rule
curve of 2020 was followed considering the observed actual level on
June 10 for initialization, the spills during the flood period would
still have been 323.49 MCM which is less than the actual spills of

340.50 MCM.

Hence, the simulation studies using the 2020 rule curve for
Idamalayar gave a result indicating lesser spills unlike in the case of
Idukki.

The Department in its reply (December 2020) said that as per the
tule curve of 2020, the water level to be maintained at the Idukki

from the book “Hydrology and Water Resources Engineering’, K.C.Patra (Annexure -
1) and also Fig.2 of the IS8:5477 (Part IV) — 1971, Methods for Fixing the Capacities of

Reservoirs (Annexure-2).

This is the standard operating procedure in real time reservoir operation and the clause
5.1.3 of IS 7323:1994 clearly endorses that:

“In all cases, procedure for releasing the stored water after the flood has passed would
also be laid down in the schedule. In order to vacate the reservoirs as quickly as

possible for routing the subsequent floods”.

Hence audit observation about the increased flow in the recession limb does not
sustain.

11
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KSEBL in controlling the flow is to operate within the dynamic
flood cushion below the FRL and ensure that the levels do not
exceed the FRL. Keeping in view this principle, the inflow and
outflow in both Idukki and Idamalayar were coordinated. While so
coordinating, the sudden inflow without notice from Mullaperiyar as
well had to be reckoned, Still the crisis situation was managed well
within the prescribed parameters. In Idamalayar on 15 August 2018,
the FRL was breached by 0.15 m and the outflow maintained was
less than inflow and on 16 August 2018 the FRL was again breached
by 0.75m and still the outflow was maintained at a lower level. At
that point of time, due to the extreme flood situation, the inflow
increased drastically and there was no other alternative but to
increase the outflow to maintain the FRL, considering the safety of
dam, as well. The Secretary, Power Department further stated that
the position as explained above would indicate that the reservoir
operation in the crisis situation was prudently managed and spills
were maintained at optimum levels.

The Government vide letter dated 16 April 2021 also informed that
in the case of Idamalayar reservoir, the difference between total
outflow and total inflow was only 9.86 MCM which is only 2.90 per
cent of the total inflow of 338 MCM into this reservoir. Considering
the total combined inflows of 946.40 MCM (608.40 + 338), a total
combined outflow of 815.37 MCM (excluding PH discharge from
Idukki reservoir) was only discharged to the Periyar basin from both
reservoirs (between 14 and 18 August 2018). The integrated
operation by KSEBL resulted in moderation of 131.03 MCM.
KSEBL had let the outflow exceed inflow only in the recession limb
of the flood hydrograph which is a standard operation procedure.
The response indicated that in Idamalayar, for five hours on 15
August 2018, the outflow was marginally more than the inflow (in
the rising limb of the flood hydrograph) but this was before the
flood hydrograph's sharp rising and touching its peak inflow. This
was unavoidable as Idamalayar reservoir levels breached its FRL

1d integrated reservoir operation necessitated such release,

—
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inflow except under emergencies and when the reservoir is 1o be
gn?ﬁ& to the desired level. Thus, Audit feels that it cannot be cited
as a standard operating procedure, even during the receding limb of

a flood hydrograph, particularly so close to the peak inflow. :

Hence, Audit reiterates the need for assurance about the adequacy of
the new rule curve along with the provision of dynamic flood
cushion given the fact that the frequency of incidents of excessive

rainfall and flooding in the State has increased in recent years. As _
the rainfalls in July 2018 had resulted in an average inflow of 25
MCM per day to Idukki and the average inflow to Idukki between
09 August 2018 and 19 August 201 8 was more than three times and
of the order of 79 MCM per day, which was unprecedented in the
history of the dam, there is an urgent need to be prepared for such
extreme rainfall events in the future including through establishment
of linflow forecasting stations. The possibility of unscheduled
releases from upstream reservoirs also needs to be considered along
with the factoring of downstream conditions. It is desirable further
to develop the rule curves keeping in view the integrated operation
of (the major reservoirs in the basin. Rule curves developed
considering various aspects including integrated operation of
reservoirs would provide more assurance.

Recommendation 3.5:

a) KSEB may ensurc flood release operations for reservoirs are | KSEBL is operating the major reservoirs based on Rule curve approved vide G.O. (Rt)
based on approved rule curves which further need to be regularly | No. 64/2020/Power dated 21.05.2020. Emmwr has conducted a scenario analysis for
reviewed and updated. Tdukki reservoir for the period from 2013 42022.

b) Mwwwhwwﬂmm ummmmwﬂw_wmmmw mw.ﬂoﬁﬂwm_mmmamﬂmmmmomwwm_www“ﬁwwm Wnp.co.mﬁoa the Central ?.o_.moﬁ gmummﬂwni Unit AOW.ES., for DRIP, Central Water
‘be adequate to handle situ ations sirnilar to the extreme rainfall Commission (CWC) for assistance to develop an operational, strategy for the real time
‘event of 2018, without consequential flooding. operation of Idukki reservoir by an«.n_o?zm an Inflow Forecasting model and updating

the Rule Levels of Idukki reservoir ancmr the International Centre of Excellence for

| i
c) Wam%%ﬁ%oﬂw %mwu.m in .ﬂwnm rule ocEMm .cmmnm on msﬁomﬂﬁ_oa Dams (ICED) at IIT Roorkee under DRIP. CPMU has informed that they are in the
W P § oirs within an approved time frame must 880 | yrocess of taking up with the ICEDs NEL other Institutes with which MoA is either

i
15 ‘
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Secretary, Power Department stated (September 2020)

that the live storage in five major reservoirs viz. Idukki,
Idamalayar, Kakki, Banasurasagar and Sholayar (out of 18
reservoirs) constitutes 92.27 per cent. Siltation is negligible in
these major reservoirs as its annual storage loss is less than 0.2 per
cent as per the sedimentation studies conducted through various
agencies. In respect of the eight small reservoirs for which studies
were conducted, desilting could not be carried out due to difficulty
in depositing removed silt and obtaining permission from Forest
Department. The Handbook on assessing and managing reservoir
sedimentation published by CWC in February 2019 indicates that

the annual storage loss due to sedimentation is significantly low in
Kerala reservoirs.

Audit observes that the statement that sedimentation in the five
major KSEBL reservoirs is negligible is not based on any recent
study or assessment (through CWC or otherwise) as sedimentation
assessment of Idukki, Idamalayar, Kakki and Sholayar were
conducted during 2004, 2011, 1999 and 2003 respectively. In
respect of Banasurasagar reservoir, commissioned during 2005, no
sedimentation study is seen conducted. Thus, 9 to 20 years have
elapsed since conduct of capacity survey or sedimentation study,
even though Reservoir operation guidelines (IS 7323:1994)
provide for capacity survey every three to five years.

Kerala State Electricity Board Ltd. informed vide letter dated 01
February 2021 that sedimentation study had been repeated for
Poringalkuthu and Kundala reservoirs in 2020. KSEBL also
completed sedimentation surveys for five more reservoirs viz.
Kallarkutty, Madupetty, Ponmudy, Anayirankal and Sengulam in
2020 but reports of the survey are awaited. Proposals for
conducting sedimentation studies for the remaining reservoirs are
now included under Dam Rehabilitation and Improvement Project

Hirakud 0.64%

(Odisha)

0.62 51.705

8105.00

83395 *

The annual utilization and flood management depends on the live storage capacity
rather than the gross storage capacity. It is a well-known fact that only major reservoirs
can play a role in flood absorption during heavy flooding years, as small reservoirs used
to spill in most of the years, except in drought years.

It can be deduced from
publication that the total live storage capacity lost due to sedimentation from Idukki

reservoir till 2021 (47 years) is just 1.128%, which translates to 16.487 MCM,
Similarly, the loss of live storage capacity for Idamalayar is just 1.404 MCM. The
above loss of capacity shall be compared with the total inflow 1925 MCM (CWC,
2018) generated in 15-17 August 2018 of Kerala floods in the Periyar basin.

From the above data, it is evident that sedimentation of reservoirs doecs not have
any significant impact on the flood absorption capacity of KSEBL reservoirs.

KSEBL owns and operates 18 reservoirs for hydro power generation with varying live
storage capacities from 0.39 to 1460 Millin Cubic Meter (MCM). Out of these, the live
storage in five major reservoirs viz, Idukki, Idamalayar, Kakki and Banasurasagar &
Sholayar constitutes 92.27%. Silting in these major reservoirs is insignificant as its
annual storage loss (ASL) is less than 0.2% as per the sedimentation studies conducted

through various agencies (See Annexure 3).

As per the Erosion and Sedimentation Manual published by U.S Department of Interior
Bureau of Reclamation November 2006, Large reservoirs require less frequent Surveys.
A decision on when to schedule and at what frequency to conduct a reservoir survey are
on a case — by — case basis, Another reason is that the big reservoirs like Idukki reach
close to its full capacity only once or twice in a decade, so the hydrographic survey at
FRL is not possible at five year intervals. Hence, it is natural that frequency can be
extended upto 20 years interval, if rate of sedimentation is not significant.

The latest status of sedimentation studies and desiltation of XSEBL reservoirs 1s as

—

the hydrographic survey data of the above mentioned CWC |
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ommittee.

the participation in tendering process was very jow, the works had
10 be retendered more than once. ACS also stated that with the
constitution of River Basin Conservation and Management
Authority, the coordination work could be institutionalised and

turned into a regular process.

Recommendation 3.6:

In view of the possible loss of active storage volume of dams
through sedimentation and its consequential adverse impact on flood
control, KSEB and Irrigation Department may €nsure that
sedimentation studies as prescribed in Reservoir Operation
Guidelines issued by Bureau of Indian Standards are conducted and

timely action taken to arrest the capacity loss of Ieservoirs.

["Water Resources (MP) Department for the approval of Empowered C

KSEBL has conducted sedimentation survey of 16 reservoirs and the details are atached

as Annexure S

From the survey conducted, major loss in storage is observed at Vellathooval &
Kallarkutly reservoirs. Detailed Project Report (DPR) for the Desiltation of Vel-
lathooval & Kallarkutty reservoirs were prepared and submitted to the Technical Com-
mittee. The Technical committee has recommended the DPR to Empowered Committee
for review and approval.The Empowered Committee in the meeting held on 28.06.2024
has considered the DPR and entrusted Water Resources Department (KWRD) to exam-

ine the DPR and to place it in the next meeting.

The Chief Engineer (1&A), Water Resources Department has conducted a meeting with
KSEBL on 19.07.2024 and the DPRs are under review at KWRD.

DA

PREETHY C S
PEN: 101031
Joint Secretary
Power Department
_Govt. Secretariat
Thiruvananthapuram
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ANNEXURE-3
SEDIMENTATION STATUS OF MAJOR RESERVOIRS
Reduction in Annual
Sl No |Name of Reservolr Year of Study storage storage loss¥ Remarks

Storage capacity will be soon
1 |ldukki 1999 1.59% in 25 years 0.05% reassessed by CWC uner NHP
Storage capacity will be soon
2 |ldamalayar 2011 4.75% in 25 years 0. 19% raassessed by CWC uney NHP
. Storage capacity will be mmoz
3  |Kakki 1999 5.66% in 33 years 0.17% reassessed by CWC uner NHP
. Work Order issued to KERI 1o

4 |Sholayar 2003 10.77% in 37 years 0.29% reasses the starage capacity
Reservolr is commissioned in 2006, Storage capacity wili be soon
S |Banasurasagar hence no sedimentation study is yet done reassessed by CWC uner NHP




ANNNEXURE -4
SEDIMENTATION SURVEY OF RESERVOIRS CONDUCTED IN 2020
Gross storage at FRL
- Grossstorage at FRL as per latest survey
SINo Name of Reservolr _ (Mcwv) (MCMm)
1  [Kallarkutty 6.80 3.82
2 |Anayirankal 50.68 40.88 '
3 [Ponmudi 51.54 41.71
4 |Madupetty 55,22 54.07
3 |Kundala 7.78 7.46
__6__|Poringalkuthu 32.00 . 27.24
7  |Sengulam . 1.30 No redurtion




Annexure

DETAILS OF SEDIMENTATION STUDY CONDUCTED FOR MAJOR

RESERVOIRS
Annual
o = Percent | Storag
] Name of C‘;ﬁr:mgsi Year of (s):;?-;na; age e loss
No. reservoir onin Survey Mm’g Loss in in
g Storage | percen
tage
1 | Vellathooval 2017 2023 0.07 74.00 12.33
2 | Kallarkutty 1961 2020 6.80 43.79 0.74
3 | Kakkayam 1972 2022 38.40 33.00 0.66
4 | Moozhiar 1999 2022 1.50 31.00 1.35
5 | Anayirankal 1965 2020 50.68 19.34 0.35
6 | Ponmudi 1963 2020 51.54 19.08 0.33
7 Lower Periyar 1997 2009 5.30 18.75 1.56
8 | Poringalkuthu 1957 2020 32.00 15.00 0.24
9 | Kakki 1966 2023 454.14 8.00 0.14
10 | ldukki 1976 2023 1998.57 5.00 0.11
11 | Kundala 1947 2020 7.65 4.00 0.05
12 | Idamalayar 1987 2023 1176.19 3.00 0.08
13 | Madupetty 1956 2020 | 55.23 210 | 403
14 | Sengulam 1954 2020 1.03 ) }
15 | Pamba 1966 2022 39.22 ) )
16 | Sholayar 1965 2023 153.48 | _ )
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eparedness and Responses to Floods in Kerala,

. Audit paragraph

Reply

Paragraph 2.1

provision

Inadequate

(2008)

Water Policy of Government of India,
which was formulated in 1987 and
revised in 2002 & 2012, provides for
preparedness to flood, modernization of
flood forecasting using real time data
acquisition system linked to forecasting
model, evolving and implementing
operating procedures for reservoirs in

order to have flood cushion, increasing

The audit observation that the State of Kerala did not give priority to flood
management in the State, was made by the C&AG based on a comparison
between the provisions for flood preparedness in the National Water Policy of
2012 and the State Water Policy of 2008. The observation is not true because
the State had given emphasis to flood preparedness in the past irrespective of
the position that whether there were provisions for flood preparedness in the
State Water Policy 2008 or not. 131 rain gauges, 54 river gauge stations and 9
fully automatic climatic stations, which were set up under the National
Hydrology Project, were operational in the State prior to the mega floods of
2018. Water Resources Department had employed Gauge Readers for taking
the measurements recorded in the gauging devices on a real time basis. This
shows that the State did take measures for flood forecasting and was always

vigilant in formulating plans for flood control.
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unpredictable. It was stated in the report of 9@ CWC on ‘Kerala Flood and
Solutions’ that the 'return period of flood event from 15 to 17" of August
2018 was above 100 year return period flood i.e. having probability less than
1%, while the flood event from 8% to 10 of August 2018 was above 25 year
return period flood i.e. having probability more than 4%.

The Central Water Commission in its Study Report on ‘Kerala Floods of

August 2018’ as 'unprecedented’ and specified that “the release from

Ireservoirs had only minor role in flood augmentation as released volume

from the reservoirs were almost similar to inflow volumes and even with the
75 percent filled reservoir conditions, the current flood could not have been
mitigated as 1-day rainfall in majority of the area was more than 200 mm and
severe rainfall continued for 3 to 4 days”. Unprecedented heavy rainfall
events in the month of August 2018 made the situation worst giving no
opportunity to absorb the flood waters in major reservoirs. Despite a very
long shore line, reasonable river bank height and presence of large number of
reservoirs, the flood water could not be contained within the river banks and

there was large spillage of water in fower reaches of river Periyar and low




"POJIEISUL 2IoM SUONE}S IDYIBSA\ JNBUIOMY Z[ PUR SIOSULS [AST IepRy 9%
‘sofneny urey 1vjong Suiddiy 16 ‘Apeasje peseydind swasks Surwesm Ajes
POO[ 891 JO [B10} B JO In() "SUOLLIS IOYIEIAN DNEWIOMY PUB SIOSUSS [RAT
Jepey] ‘saBnen) urey 1axong Surddiy, ySnoxp suiseq oAl (e w jeuoneiado
Supojruow SWNy [e1 Ym wialsAs Funem K[1es poofy pue unseodlo] mopul
po8pay-1ny & padofaasp m_EmM. JO JUSWILIAA0K) “SIUAAD poo}] axmny 9jqissod
uyejuod 0} ajelg oy dinbs 01 Japio uy *spooyy g10g 03 Joud LIS 9Y) U suiseq
J2ALI SNOtIEA UT JUOTOUNY a1om SUONRIS SunSeodI0] POOYS ‘PaUOHUSUISIONE Sy

OLIRUIS Poofj 3s0d ay) ul wsiHeyddw SunseIdre] pooyy Jo SuwruopSusng
"0je)g QY1 JO sa13MeNs JudswaSeurul poof sy uo 10edwl ue SARY

jou pIp AdM[od J9MEM BIS 3Y) Ul JUSweSeuew Poof) 1oy suoisiacxd senbape
mo, 9oUasqe Ay} 1eyy Iea)d si 31 -o1qnd o) 03 spafe poopy Fuinsst pue uonelado
wep toy sue(d Sunenuuoy ur padioy pey sadlAsp 959y WOL pojeIousd

BJEp 9} pUB SPOOY 10T JO S Y 18 suonels Funsesalo) Pooy] PoUIBIUIRLE
peY BfeIsy] JO ojelS Syl IolEd pojels sy unoso Kppnuiep jjm Suipoopy

Jo pupy Jejruats ‘axngny a3 ur suaddey spmmuBew [eoUAPI JO 18] VIRl fABSY B

J1 181 pres 3q Pinod 1] '33e] PRUBqUIDA SE [[9M SB SUISE] JOYI0 JO seare SuiA]

X A




Remaining 13 equipments will soon be installed.

Framing of operation and maintenance manuals for reservoirs

Water Resources Department owns 16 dams. With respect to the audit
observation that the State Water Policy should have provision for evolving
and implementing operating procedures for reservoirs, it is to be noted that
the WRD had already developed O&M manuals for operation and regular
maintenance of all dams and inspection activities based on the unique design
characteristics of each dam.

Providing Flood Cushion for reservoirs

With respect to the audit remark that the dam operation and maintenance
manuals should provide for ‘flood cushion’, it may be noted that all the
dams under WRD have less storage capacity and limited catchment area
except Kallada and Matampuzha dams, which have storage capacity beyond
500 MCM. Details of storage capacity and catchment area of 16 dams are

shown below:
No. -
SiNo. | Dam storage Catchment  {Flood Cushion
capacity at (in Meter)
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cushion since these dams have less storage capacity and the flood cushion
can be maintained only for a short interval under extreme weather
conditions.

Revision of State Water Policy 2008

As per G.O (Rt) No. 24/2021/WRD dated 12.01.2021, drafling Committee
for formulating the revised State Water Policy was reconstituted. The
| drafting Committee has submitted a revised drafi of the amended State Water
__womou\ on 05.04.2021. It was conceived that the revised State Water Policy
based on state specific requirements and containing the provisions for flood
management could be promulgated in 2021. Since certain provisions in the
draft policy need more clarity in the wake of extreme environmental impacts
'caused by the climate change, the drafting Committee was directed to
incorporate certain additional provisions and to submit the revised draft at
the earliest. On 02.06.2022, Chief Engineer (I&A) and Chief Engineer
(IDRB) have been directed to submit the revised draft of the State Water
Policy by 31% July 2022.
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Strategies keeping the context of climate change.

In chapter 14 - Disaster Management in Water Sector-1)The State to
recognize the necessity of More Room For River approach to address
the natural calamity.?) Early warning systems are to be strengthened to
address the effect of flood 3) Promote flood cushion by actively
facilitating to preserve and restore playground,ponds ;open wells,paddy
fields,wetland etc.

In chapter 18-Knowledge Management- Developing a fully functional

Water Resources information System to address flood,

Paragraph No. 2.2 Constitution of State leve] River Basin Conservation and Management
Authority (RBCMA)
Vide G.O (MS) No. 30/2020/WRD dated 15.04.2020, Government issued
and management orders in principle for the constitution of a State level River Basin

The State Water Policy 2008 envisages |Conservation and Management Authority (RBCMA), which s primed for
the preparation of a State leve] Master coordinating all water related activities at the river basin, A draft bill has
Plan for water resources development already been prepared for the constitution of RBCMA. The bill was expected
and management. Also, jt provides _for|to be introduced in the Legislative Assembly in 2021 but lagged due to want
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within the local area, regulations for natural hazard prone areas and disaster
management. Harithakeralam Mission has also prepared plans for the
rejuvenation of streams, ponds, lakes, etc. at the Gramapanchayat and Block
Panchayat levels.

Formulation of Master Plans for major rivers in the State

Formulation of State level Master Plan for major rivers in the State is a
combined effort of various stakeholder departments such as WRD, Revenue,
Agriculture, LSGD etc. A holistic approach is required for the purpose and
therefore, a task force comprising representatives from various stakeholder
departments need to be constituted. Water Resources Department is focused
on the preparation of master plans for major rivers in the State and priority
will be given to those rivers that are prone to flood and passing through
densely populated areas viz. Periyar, Chalakkudy, Pamba, Meenachil,
Muvattupuzha, Karamana, Bharathapuzha and Chaliyar rivers. Preparatory
works for formulating Master Plans for rivers have been started and
Executive Engineers of Irrigation department have already been entrusted

with collection of data of all the major rivers in the State in a time bound

11




equied opealsy 10y uelq wwoweBeuejy UIsey JoARY pajeIdalu] ayp ‘eAnenIul

o & sy ‘230 soipnys Sunsesaioy pooy “Apmis justueleqe uonnjod ‘Apms

UOHIBSIN IDJEM JOALX "MOJ [RIUAUILIOIIALS JO uonenofeo se yons ‘sueyd

I9ISEW UISEq JOALI 33 Jo sjuauodwioo snowea Suiaeryoe soj SHOje Sunjey

St Juaunedacy oy “ssaxloxd ur st yINDEY JO UouBSITRUONNIISUT U} A[IYM

¥Z0T L0"0€ U0 JUSWILIAA0D)

O} paAlsoal ueaq sey sjuswnod ayy Suerodioour yep [BUL Y "9NUIAdY

PUE gHSY 18310, Juswmonaug ‘yiNasy Suipnjour spawniedop Jogzo Aq

PONITIQNS dlom SIURWWO) “SUONBIQHSP PUE SUOISSNOSIP JO S[9A3] SnOLIBA

1OYE YZOT'E0'E] UO JUSUINIIOAOD) 0} PAAISOAI UDIq Sey VIO Jeip oyJ,

010 ‘JudeFeURlA 19)SESI(] ‘SIOST “ainynoudy

“ANULASY (TYM S yons spusunredsp I3P[OYaX IS SROLIBA JO 1101 PAUIqUIOD

¥ S S)81S 31 Ul SI9ALL Jofew 10] uel IOJSBIN [9AS] 121G JO UOUR[NULIOY Y]
LY d d

"SIEIS o) ul SI15ALI Jofew ot J0f sue|J JOISEI]

JO uonejnuuioy peseyd ap 1oy ueid uonge ue HWQns 0} PejoslIp Usaq dABY

(4QD #euiBug Ja1y) pue (yg1) ouiSug D ‘TTOT'90'Z0 UO “Ieuuew

G




basin (which inciudes Pamba, Achenkovil and Manimala) is in - progress
with support from World Bank under PforR DLI-7. The first stakeholder
meeting was conducted at Pathanamthitta on 17.02.2024 with participation
from MPs, - MLAs, other people’s representatives and Public. As part of the
Kerala-Dutch co- operation in Water sector, capacity building programs have
been conducted for officials from the department and other stakeholder
departments. for. the preparation of River Basin Master Plans.

The Flood Forecasting studies have been carried out by IDRB in Perivar and
Chalakkudy river Basins. The Flood Forecasting & Integrated .Reservoir
Operation studies have been carried out by IDRB in Pamba, Achenkovil and

Manimala basins.

.Wmammamﬁ: 23

Non- enactment of legislation to
identify and demarcate flood plains in
the State

Government of Kerala has not enacted

the Flood Plain Zoning Bill proposed by

The State of Kerala had already informed the Ministry of Water Resources
and Ganga Rejuvenation about the practical difficulties and limitations of
enacting the Flood Plain zoning legisiation in Kerala. The topography of
Kerala was unique when compared with the states that had implemented the
legislation. In India, only three States namely Manipur, Rajasthan and

Uttarakhand had enacted the legislation as of December 2016. Kerala had

13
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on on flood plain and demarcation of flood plain zones on certain notified stretch (es) of

— I——

Pomwmwmzcn\ﬂomamm
zoning, as well as constitute an|river(s) within the state and regulation of various activities permissible
Authority to identify and demarcate | therein need to be identified and the most appropriate methodology need to
flood plain zones of the State and to|be adopted for implementing the same.

prohibit or restrict the use of these The critical zones of the major rivers Viz. Bharathapuzha, Periyar and Pamba
lands’. need to be identified for assessing the flood risk in these locations and future

tand use - development may be planned based on the assessment. Since the

relocation of Hospitals, Schools, and other important Public Institutions, etc.
is not practically viable; flood management approach may be resorted to
rather than flood plain zoning in these locations.

In small river basins, the flood risk assessment, identification of critical
{ocations and delineation of flood plain zones can be realised through mass
awareness programs conducted with the support of LSGI's, Disaster
Management, Revenue and other stakeholder Departments. Future land use
planning and development can be regulated by this means. Since this

| exercise is huge and requires finer inputs focally, it is required to convene a

public technical conclave of stakeholders to mﬂ?o at the same, for which

e

| I e et e e e e e e e e —
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wgu\m,_. basin, which is having an area of
5159.71 sq. Km, is largely characterised
as a hilly terrain upto Neeleswaram. As
per the Bureau of Indian Standards
(code IS: 4987-1994), rain gauge density
at hilly areas with heavy rainfall is 1 rain
gauge per 150 sq. km. Accordingly, a
minimum requirement of 32 rain gauges
was to be made available in Periyar
basin. Now, only 6 rain gauges
conforming to IMD standards were in
place. Though Irrigation Department and
KSEBL are maintaining rain gauges in
Periyar basin, data generated by those
gauge stations conforming to IMD

standards is utilized by IMD. Since data

from Irrigation department gauges were

Rain Gauges (TBRG) proposed to be installed in the river basins of Kerala

rain gauges is available in the server maintained at the Integrated Command

During the heavy rainfall in the months of October-November 2021. real time

floods, Government of Kerala decided to develop a full-fledged inflow
forecasting and flood early waming system with real time monitoring
operational in all river basins through Tipping Bucket Rain Gauges, Radar
Level Sensors and Automatic Weather Stations. Qut of the 99 Tipping Bucket

under National Hydrology Project, 18 TBRGs were earmarked for Periyar
basin. Proposed TBRGs have already been installed at various locations falls
under the Periyar basin viz. Pattal, Thabore, North Paravoor, Vadattupara,
Aluva and Neriyamangalam in FEmakulam District, Chinnar Estate,
Vandiperiyar, Upputhura, Adimaly, Pallivasal, Kattappana, Vandanmedu, Ne-
dumkandam and Kumily in Idukki District and Mathilakam in Thrissur Dis-
Rain (TBRG) have [IMD
specifications. Therefore, the data generated by TBRGs of Irrigation

trict. Installed Tipping Bucket Gauges

Department could be used by the IMD. Real time data generated from these

Control Centre (ICCC) at Jalavijnana Bhavan in Thiruvananthapuram.

17
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encompass less than 200 km?, except for the Mullaperiyar catchment. The
Kumali station which is situated at the corner of the Theissen polygon covers
the Mullaperiyar catchment, which extends552.8 km? Thirteen additional Au-
tomatic Rain Gauges (ARG) with Real-Time Data Acquisition Systems (RT-
DAS) have been installed, and efforts are underway to rectify the coverage
gaps in the Mullaperiyar catchment. Rectification of these is expected soon,
enabling rainfall monitoring actoss the Mullaperiyar catchment. The report
notes that data from rain gauges operated by the Irrigation Department were
not utilized by IMD and were consequently excluded from the assessment of
rain gauge adequacy in the Periyar basin. [t is recommended to incorporate
data from these gauges to evaluate the adequacy of rain gauge coverage. Fur-
thermore, based on outputs from the newly developed Periyar Flood Fore -
casting System (Periyar FEWS), the installation of an additional four rain
gauges is nearing completion. Since August 31, 2022, the department started
Kerala Water Resources Information System (Kerala WRIS), serving as a
common platform for consolidating water related information from various

departments, including data from IMD. The IMD is involved in the program

19
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ZWC. Even though,

number of flow gauges in the basin as a

the existing

whole was adequate, there is a shortfall
of one flow gauge in the free Periyar
catchment, comprising of 2367.22 sq.km
of  hilly World
Mateorological 2008
norms, one flow gauge per 1875 sq. km

terrain  (as  per

Organisation

is needed in hilly terrain). An additional
flow gauge needs to be located just
upstream of Bhoothathankettu barrage,
which is a major control point in the

perivar basin.

available in the server maintained at the _:ﬁmmﬂmﬁa Command Control Centre
(ICCC) at Jalavijnana Bhavan in Thiruvananthapuram,

UPDATED REPORT

The report highlights that the existing number of river gauges in the basin is
considered adequate. There are a total of eight river level monitoring stations
in Periyar including the one owned by the CWc as well the Irrigation
Department. Furthermore, based on the outputs from the recently developed
Periyar Flood Forecasting System (Periyar FEWS), the installation of mwx_
additional automatic river level gauges is nearing completion, Real-time level
monitoring stations have been installed at various reaches to accurately
estimate inflows from different catchments. The newly proposed river
monitoring stations will provide precise estimates of inflow from catchments
across different river reaches. Additionally, a station has been established at
the Bhoothathankettu Barrage, and another one in the reach extending to the
Pooyamkutty area. These ensures capture of runoff volumes from catchments

that contribute significant volumes of runoff during high storms.

Paragraph 3.3

Even though the list of reservoirs which requires inflow forecasting stations

21
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resulted in :o?mawﬁm:mmo: of FFS in the
State and resultant deprival of data
which State could have utilised for flood

forecasting purpose.

strengthened the inflow forecasting and flood early warning system in the
State by setting up more Tipping Bucket Rain Gauges, Radar Level Sensors
and Automatic Weather Stations. The work for installing the devices was
awarded to the contractor at a cost of Rs. 10, 92,96,320/- on 27.01.2020. Out
of a total of 168 flood early warning systems purchased already, 97 Tipping
Bucket Rain Gauges, 46 Radar Level Sensors and 12 Automatic Weather
Stations were installed. Remaining 13 equipments will soon be installed.
UPDATED REPORT

The Central Water Commission (CWC) currently operates inflow forecasting

points at Idukki and Idamalayar Dams, and Neeleswaram. Concurrently, the
Irrigation department manages the Periyar Flood and Eatly Warning System
(Periyar FEWS), developed under the National Hydrology Project. This web-
based system provides inflow forecasting for reservoirs and selected points
within the Periyar basin.

The precipitation forecasts at various spatial and temporal resolution to

predict extreme precipitation at short (1-3 day) to longer (7 day) lead times is

translated to flood inflow forecasts through hydrological modelling, which

23
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Time Data
Astra
Microwave Products Ltd. Hyderabad in
April 2014 at a cost of Rs. 1.34 crore.

for installing a Real

Acquisition System to M/s

Many of the equipment installed by the
firm are not functional. Though more
than five years have elapsed, the

objective of obtaining real time
hydrological data useful for improving
flood management capabilities remained

unachieved.

complete the installation of the system by 25.07.2014. Since data generated
from some of these devices were found to be erroneous and the firm failed to
fulfil their obligations to rectify the defects within the time limit or the
extended period, action has been initiated against M/s Astra Microwave
Products Ltd. for breach of the agreement conditions. Accordingly,
Superintending Engineer, Field Studies Circle, Thrissur (agreement authority)
terminated the contract of the firm vide proceedings dated 28.12.2021. On
30.12.2021, the agreement authority directed the Contractor to pay an amount
of Rs. 62,04,749/- within three months, towards tentative liability as per
relevant clause of Kerala PWD manual.

UPDATED REPORT

The Chief Engineer has initiated steps to blacklist the firm due to breach of
agreement conditions. Installation of RTDAS systems including TBRG and
automatic level sensor under the National Hydrology Project (NHP) is
awarded to a new contractor. Installation of instruments is currently

underway, with ongoing rectifications

Paragraph No. 3.6

Water

Peppara Dam and reservoirs are owned and operated by Kerala

25




9z

pey Jeduadeymya] oy Jo uonesado ayj eyl parels s1 3 ‘Hodax aup Ul JoyuUn,
'Smo[Ful DRNPT 01 Wed
reAusdefniy woyy sidS Jo uonnguuos 3Y) osje pue (ulseq JoARY IeALind)
uoyrlg 93ner) WeIBMSa[aN 18 PIAIISqO Poojf oy} 0} Ure(] DRNP] pue weq
Teke[ewuep] jo S[[Ids 2y} JO SUOHNQIIUOD dANR[AI JO UOHEN[BAD 3} Guipaedal
§1 ‘eose weassumo w Sulpoo]q uo 33ejjids we( Jo 10edw] JO JUSLISSISSY
-9'¢ oN UydeiSered © uoneredQ Iioalasar pue Fupseoaroq poofd-IIl-
1odey) “ejesey ur pooyy o} asuodsa pue ssauparedeld uo ([Z07 ¥eRA 2Yi JO 9
-oN] Joday) Bipuj jo [ersusr) Jojipny pue sefjondwo)) sy Jo uoday 2u) U]
“peddew
os[e aiom SFIRYDSIP SOAUMD ()9 SAOGR PUSIXd POOY asim (jedeyoued SYL
-Apras 913 Ul pasAJeuE OS[e ale MO[JUl WNIUIXBUI JOJ SWi} 2y} pue SUIf} [BALLIE
SABM. POO[] ISIIJ UL 'PosA[eue Os[e 21am SJUILN) [BALLIE dABM POO[} SYJ,
" (SWAQ9 TS DY) WOSTLOT
+ ] 1uasaid je [aas] 2Beiois pantuuiad wnunxew oy, WS Q11+ JO AL ¥®

CWN 0/ JO Anoedes o8elols ss0I3 & sey wep ay ), 1oMmsIp weindeyieueaniiy],

Ul JoALl eueuresey] jo opis weansdn a1 uo paredoy

st i Auoyiny

"SISALIL JO §SO Ayoeded ay) Jsale
0] UdYE)} UOIDB A[PWI pue pelonpuod
ole spiepugls uelpy] Jo neang £q
panssi sauljopind uopeiado 11041050 Ul
paqriosald se SaIpnys UoNEIUWIPas Jey)
amsua Aew juowipedop uonedul] pue
A8 ‘[01nu0d poof) uo joedull 9SIdApPE
[enuonbasuod SI jI pUB UOTBIUSUNPIS

ygnoxy
oAIOR SSO| 2qISSOJ Yl JO Mm3A Uf

swep JOo ownjoA 93elols

SEAIE WEAIISUAMOP Ul 3uipoo))

uo Suyds wep Jo joedul Jo JUIWISSY

(o



O

a negligible m.m.mﬁ on 14 August 2018, but its contribution to the inflows at
Idukki was significant during 15" to 18" August (>20 %), considering the
magnitude of the floods.

It is further stated that, Government in its response stated (September
2020) that contribuuion of Mullaperivar dam to the inflows of Idukki during
the period of severe Hoods from 15-18 August 2018 was very significant.
Since sudden and unexpected releases from Mullaperiyar dam by Tamil Nadu
Government was expected any moment without notice and the quantum of
inflow to Idukki reservoir was not known in advance, KSEBL had to provide
sufficient flood cushion to ensure safety of the dam as well as controlled
release. But for sudden release of 169.97 MCM of water from the
Mullaperiyar during the extreme flood days, the attenuation of downstream
flood would have been more significant.

The report suggest that, the departmental response indicates the need to
prioritise and have in place an integrated reservoir management plan,
particularly in multi dam basins.

This is significant both because i) the control of reservoir/ dam operations

27
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three issues Rule Curve, Gate Operation Schedule and Instrumentation
of dam.

The Rule Curve, Gate Operation Schedule & Note on Instrumentation
of dam prepared by Tamil Nadu was furnished from CWC to the
Additional Chief Secretary, Water Resources Department, Government
of Kerala vide e-mail letter dated 26.03.2021 for the remarks.

The State of Kerala submitted final remarks on Rule Curves, Gate
Operation Schedule and Instrumentation plan of Mullaperiyar Dam
vide letter dated, 25.06.2021 of the Additional Chief Secretary, Water
Resources Department.

Central Water Commission .conducted a virtual meeting for discussion
on final, remarks submitted by Government of Kerala and finalization
of Rule Curve of Mullaperiyar dam on 09.07.2021 with the officers of
Government of Kerala. Government of Tamil Nadu and KSEBI. In the
meeting. Kerala presented its analysis, views and comments on the rule

curve for the Mullaperiyar Dam proposed by the Government of Tamil

Nadu. Kerala specifically objected to the proposal in the Upper rule
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Government of Kerala may be brought to the notice of the Hon’ble
Supreme Court vide D.O Letter dated 18.09.2021 of the Additional
Chief Secretary, Water Resources Department.

9. The Chairman, Supervisory Committee & Chief Engineer, DSO, vide
letter dated 04.10.2021, has submitted clarification on the observations
of Government of Kerala on Rule Curve of Mullaperiyar dam.

10. The Status report in compliance with order dated 16.03.2021 on
behalf of Respondents 3 & 4 (CWC & Chairman, Supervisory C
ommittee) was filed in the, Hon'ble Supreme Court on 14.10.2021.
These respondents have recommended the Hon’ble Court for the
acceptance of the Rule Curve of Mullaperiyar dam prepared by Tamil
Nadu in consultation with CWC without taking into account any of the
concems raised by the Government of Kerala.

11. The Hon’ble Supreme Court in its order dated 28.10.2021 had
directed the State of Kerala to file an affidavit, especially to deal with
the issue on Rule Curve and about the current approach on or before
08.11.2021.
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Present Status

‘ble Supreme Court. In the mean time the initial Rule Curve submitted by

Tamil Nadu and approved by CWC, is followed.

has been examined by CWC and the observations has been forwarded
to Kerala and the present one is also similar and have furnished

observation again.

The matter is sub-judice, as no final decision has been issued by the Hon

B Date Gymn Rule Level for morderation of flood as well
as ensuring filing of upto 142t with 50%
probability (ft)

10 June 136.00 ]
 20June | 136.00 ]
30 June 136.00
10 July 136.30
20 July 136.60
31 July 137.00
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September 2017 by GOK for de-siltation
of Mangalam and Chuliyar dams, the
works are yet to commence as of
November 2019.

Recommendation of C&AG

‘In view of the possible loss of active
through

consequential

storage volume of dams

sedimentation and its
adverse impact on flood control, KSEB
and Irrigation Department may ensure
that sedimentation studies as prescribed
in Reservoir Operation Guidelines
issued by Bureau of Indian Standards
are conducted and timely action taken to

arrest the capacity loss of reservoits’.

KERI, Peechi conducted a &%%Bmﬁo survey in 2020-21 in connection with

the distillation of Malankara Dam. Steps are being taken by the Chief

Engineer, Irrigation and Administration to invite expression of interest for

preparation of a detailed project report for removal of soil and silt from

Malankara Dam.

Malampuzha dam

As per the decision dated 04-12-2020 of the 9™ High Level Empowered

Committee on desiltation, the Government has given permission to call for

expression of interest (EOI) for the desiltation of Malampuzha Dam.
arappuzha dam

According to a bathymetric survey conducted by KERI, Peechi in February

2021, the storage capacity of the Karappuzha Reservoir was found to be

decreased by 12.56%. Steps are being taken for inviting EOL

According to a bathymetric survey conducted by the Kerala Engineering
Research Institute in 2020, the storage capacity of the Kanjirapuzha dam was
found to be reduced from 68.533 MM3 to 51.609 MM3. Steps are being

35



9¢

0] IUIEA UHonRISd( Se pateu paford e payoune] mou sey e[eidd JO 'S
"12ppiq payifenb

g o) ylom oy Fuipreme uodn Ae[ep MOWPIM pajeis 3G Jiim uoneIsap
3O ydom oy, *(J0g]) 1seIRU] JO uorssaIdxg ayaUl o) pasLoyine sem ANoyny
ISJEA\ BJRISY AU} pUR WEP BIBIANIY JO UONENISSp U 10 papiodde sem
UOOURS JATRNSIUILIPE ‘0707 10°90 PAIEP QUA/0T0T/1 'ON (SW) O'D $od s¥
WP IRy

s1sBq AoSfurn uo ("TICNESD PV yonesodio)) wawdojaaad

[CIOUIN )RS EB[BIOY O} papleme Sem SWep EBIEUSSN PUP JeAR[EA\

JO Yiom uONEIISIP ‘1707 10°L0 PP (MIAM/ITOT/TT ON () O'D A

foy-wimy uo (DI uoneredio) atudojeAa(] AIMIONNSEYU] UONESIH]
e[eIoY O} WEp JeAI[|ny)) JO JI0M UOHE{IS3p Bulpleme J0J UOLOURS PIPIOXIE
asRy [Z0Z'10°L0 Povep (UM/ITOT/IT "ON (D) O'D °pia JUAWULIRACLH
wep IeANmgD

"1 Sunaul 107 uaXe)

[LC



&

clean and deepen all the major rivers and its tributaries, streams and canals by
removing silt and the objects that hinders the smooth flow of water to prevent

flood events in future. The project is going ahead successfully.

UPDATED REPORT

e Asper the recommendations of Empowered Committee of desiltation
of reservoirs, headed by Chief Secretary. A Standard Operating
Procedure (SOP) for desiltation of Reservoirs in Kerala has Approved
vide. G.0.(Ms)No0.79/2017/WRD dated 26/09/2017 and as modified by
vide.G.0.(Ms)No.14/2019/WRD dated 14/05/2019.

Present Status of desiliation of dams under Water Resources Department.
Mangalam dam

* Desiltation of Mangalam dam was started on 17.12.2020.(As a
completion period of three year).

*  Ason29.04.2022, 155830 CUM sediments (5.3%) was removed out of
a total estimated quantity of 2950000 CUM.

* Due to slow progress of Desilltation and remittance of amount to
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* The wmmgmsﬁmoscma% of dams was conducted by KERI. Peechi.
Chulliyar dam

« Government vide G.O (Rt)No.21/2021/WRD dated 07.01.2021, i
principle approval was accorded for awarding Desiltation work of

Chulliyar dam to Kerala Irrigation Infrastructure Development

Corporation (KHDC) as turn key basis.
» Desiltation works at Chulliyar dam completed up to 59%.

» The work is progressing.

Walayar and Meenkara Dam

+ Govermment vide G.O0 (Rt)No.22/2021/WRD dated: 07.01.2021 in

principle approval was accorded for awarding Desiltation work of

Walayar and Meenkara Dam to Kerala State Mineral Development

Corporation as turn key basis.

* Desiltation works at Meenkara dam was completed up t053.56 % and
*  Walayar dam was completed up to30%.
» The works are progressing.

Aruvikkara Dam

n
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[«Government may, prioritise works such
as deepening of the leading channel
upstream of TSW and timely breaking of
developing sand bar, if any, at the sea
mouth so as to ensure unhindered flow
of flood waters to the sea, giving due
consideration to extant environment

related instructions while so doing’.

£Y
a2 whole, which were planted within the 380m width of the |

downstream were cut down by the district administration, Alappuzha on

2ond May 2020. As part of the mission, 550 casuarina trees, which were
numbered in the year 2018 and reckoned to be obstructing the flow of

floodwaters were removed. As a result width was extended to a further

230m thereby reaching the required width of 380m.

With a view to deepen and widen the estuary, Irrigation Department started
removal of mineral sand from pozhi mouth and downstream of the spillway on
20.05.2020. Accordingly, an estimated quantity of 242831 cub.m sand was
dredged; out of which a quantity of 175319 cub.m sand was transported to
KMML. Dredging works came to & close on 22.07.2020. Through the two month
Jong dredging mission, spillway channel was deepened and width was widened to
380m.

Within 2 few months after completing the dredging, a sand bar was formed
occupying a width of 75 m at the pozhy mouth. Accumulation of sand at the pozhi
mouth is rampant. In 202! also, dredging of sand was carried out in the

downstream. An estimated quantity of around 2,49,000 cu. m. sand was dredged
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Funds provided for this scheme during the current financial year (2022-23) was 5

crore. Presently, works for dredging the upstream portion of the spillway is
ongoing and 16.5% of works has been completed as of 31.03.2022. Besides,
Government as per G.O (Rt) No. 360/2021/WRD dated 09.07.2021 have
accorded admynistrative sanction for protecting either banks of the leading

channel at an estimated cost of Rs.70.3 crore.

UPDATED REPORT
Government as per G.O (Rt) No.360/2021/WRD dated: 09/07/2021 have

accorded Administrative Sanction for two works tor protecting either banks of
the leading channel at an estimated cost of Rs.70.3 Crore. These two works are in
progress . Also, Government as per G.O(Rt)N0.240/2024/WRD, dated:
14/03/2024 have accorded Administrative Sanction for two works for protection
of either banks of leading channel at an estimated cost of Rs.5 Crore. The

agreement for both works have been executed.
Paragraph No. 5.2 Funds to the tune of Rs. 536.27 crore have been provided to the Irrigation

Execution of immediate restoration Department from SDRF for the immediate repair and restoration of
activities in post flood scenario damaged infrastructure during 2018 flood. As of 18.03.2022, agreements
WRD was sanctioned Rs.536.27 crore in|have been executed for 97.94% of works and 91.09 % of works have

43




L4

WrANURLEY
Je1aBR}RIRT;
.uQmQ ga0INt
Ao
‘P VNN LEVS

* $JUSAD BUIPOO[] SIIAAS
0} Apiqeiouna Julsearout SIS 94
uoAId ‘siseq Ayoud uo pajejdwod are
pouolPUES SYI0M Tey) emsud 0} SIS

Aq popunj 2Iyeu eIpswl JO SHOM

* JoyIng dn uodel 24 10U [[Im SHIOM JAAS %5886 9! hﬁﬁoaﬁou Jo smiels JO wGEBEOE omﬁoﬁuﬂ 3o
aIam SHI0M $869 SIYL JO MO “SHI0M JO Joquint £90L 103 PAINOAXS Uddq sey wolsks & 20efd ur md Aeul JUOURIIGACT),

JowoaIde swayos TS WpUN ‘pool 8107 Sunnp 2umonyseul pagewep V290 JO UOT}BPUITITOINY

JO UONEIOSAI puB nedo) ojerpawul 9y I10] JAJS wWoH wawipedacy -pojeduwod
uoneSiuy oy 0y papiaoid Ueaq SABY 1010 LT'9ES "SU IO auny ot} O} SpUNJ{USIs sem  SHIoM o JO %0T AuO
THOTTH AALVAdT| 0207 Arnue( Jo sy "pooly 8102 3uunp

slmonisequl  pafeurep JO UONEIOISAL

'pajo1dinoo udaq Apealfe pue medar  seipowrunl 103 6107

(%




REMEDIAL MEASURES TAKEN ON THE REPORT OF THE
COMPTROLLER AND AUDITOR GENERAL OF INDIA (REPORT NO.6 of 2021) ON
PREPAREDNESS AND RESPONSE TO FLOODS IN KERALA

Para No.

WaBn&m_ Measures Taken

3.6 Assessment of dam spillage on

flooding in downstream area

Recommendation 3.5

a) KSEB may ensure flood release
operations for reservoirs are based
on approved rule curves which
further

reviewed and updated.

need to be regularly

b) KSEB may 33&%« simulation or
other - studies to ensure that the
approved rule -curves of 2020 for
Idukki and ldamalayar would be

In the Report of the Comptroller and Auditor General of India (Report No. 6 of the

year 2021) on Preparedness and response to flood in Kerala, Chapter -III-Flood
Forecasting and reservoir Operation", paragraph No 3.6-Assessment of Impact of Dam |
spillage on Flooding in Downstream area, is regarding the evaluation of B_mmqo‘
contributions of the spills of Idamalayar Dam and Idukki Dam to the flood observed mﬁi
Neeleswaram Gauge Station (Periyar River Basin) and also the contribution of Spills from __
Mullaperiyar Dam to Idukki inflows. |
Further in the report, it is stated that the operation of the Mullaperiyar had a negligible |
effect on 14™ August 2018, but its contribution to the inflows at Idukki was significant
during 15% to 18" August (>20 %), considering the magnitude of the floods.
It is further stated that, Government in its response stated (September 2020) that
contribution of Mullaperiyar dam to the inflows of Idukki during the period of severe

floods from 15-18 August 2018 was very significant. Since sudden and unexpected |

-
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directed the State of Tamil Nadu to furnish requisite information on Rule Curve,

Gate Operation Schedule and Instrumentation plan to the Supervisory Committee |
within two weeks from the date of order. The Supervisory Committee was directed
to take necessary steps including to issue appropriate directions to the
concerned/party States, as may be necessary and to submit action taken report before
the Court and compliance regarding finalization of the three issues Rule Curve, Gate

Operation Schedule and Instrumentation of dam.

The Rule Curve, Gate Operation Schedule & Note on Instrumentation of dam
prepared by Tamil Nadu was furnished from CWC to the Additional Chief Secretary,
Water Resources Department, Government of Kerala vide e-mail letter dated

26.03.2021 for the remarks.

The State of Kerala submitted final remarks on Rule Curves, Gate Operation
Schedule and Instrumentation plan of Mullaperivar Dam vide lettér dated

25.06.2021 of the Additional Chief Secretary, Water Resources Department.
M

Central Water Commission conducted a virtual meeting for discussion on final
remarks submitted by Government of Kerala and finalization of Rule Curve of|
Mullaperiyar dam on 09.07.2021 with the officers of Government of Wﬁ.m_mu_

Government of Tamil Nadu and KSEBL. In the meeting, Kerala presented its
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|8 the .wcmom[mimsm Hon’ble Supreme Court vide D.Q Letter mmﬁma E&o.mom of the

Additional Chief Secretary, Water Resources Department.

9. The Chairman, Supervisory Committee & Chief Engineer. DSO, vide letter dated
04.10.2021, has submitted clarification on the observations of Government of Kerala

on Rule Curve of Mullaperiyar dam:.

10. The Status report in compliance with order dated 16.03.2021 on behalf of
Respondents 3 & 4 (CWC & Chairman, Supervisory Committee) was filed in the
Hon’ble Supreme Court on 14.10.2021. These respondents have recommended the
Hon’ble Court for the acceptance of the Rule Curve of Mullaperiyar dam prepared
by Tamil Nadu in consultation with CWC withou taking into account any of the

concerns raised by the Government of Kerala.
I

11. The Hon’ble Supreme Court in its order dated 28.10.2021 had directed the State of

Kerala to file an affidavit, especially to deal with the issue on Rule Curve and about |

the current approach on or before 08.11.2021. |

12.The State of Kerala filed a reply affidavit to the Status report filed by the

- |
_
|

respondenis 3 and 4 on 08.11.2021, furnishing climate changes and the erratic

|
rainfall experienced in Kerala during the last 4 years since 2018 especially in the

v
|
1

Idukki district, objections of State of Kerala on the Upper Rule curve formulated by
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Joint Secretary to Govt.
Waler Resources Dept.
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Appendix 1.1

Statement showing list of institutions covered by Audit

(Reference: Paragraph 1.4)

1

No.

Name of District

Name of institutions covered by Audit |
|

Alappuzha

District Disaster Management Authority, District Emergency |
Operations Centre, Chengannur Taluk, Kuttanad Taluk, Major
Imgation Division, Minor Irrigation Division, Mechanical
Division, Chief Engineer Kuttanad Package, Kuttanad
Development Division Thanneermukkom, Fire Stations at

Ernakulam

Thakazhi and Chengannur . {
District Disaster Management Authority, District Emergency
Operations Centre, Aluva Taluk, Paravur Taluk, Office of the
Special Tahsildar, Nedumbassery, Village Office, Nedumbassery,
Major Irrigation Division, Minor Irrigation Division, Fire stations |
at Aluva and North Paravur, Idamalayar dam, Bhoothathankettu
barrage, Central Water Commission Regiona) Office

Tdukki

District Disaster Management Authority, District EmergencT‘
Operations Centre, Idukki Taluk, Devikulam Taluk, Major
Irrigation Division, Minor Irrigation Division, Idukki dam, Lower
Periyar dam, Madupetty dam, Kallarkutty dam, Fire Stations

Thrissur

District Disaster Management Authority, District Emergency |
Operations Centre, Chalakkudy Taluk, Thalappilly Taluk, Major
Irrigation Division, Minor Irrigation Division, Vazhani Dam,
Poringalkuthu Dam, Lower Sholayar Dam, Civil Defence
Training Institute, Fire and Rescue Services Academy ;

Thiruvananthapuram

Revenue Disaster Management Department, Water Resources |
(Irrigation)  Department, Finance Department, Transport
Department, Kerala State Disaster Management Authority, State
Emergency Operations Centre, India Meteorological Department, |
Fire and Rescue Headquarters, Chief Engineer Irrigation, Design
and Research Board, Chief Engineer Imigation and
Administration, Chief Engineer Mechanical, Chief Engineer
Project 11, Institute of Land and Disaster Management, Dam
Safety Organisation, Kerala State Electricity Board Limited, Land

Use Board, Commissionerate of Land Revenue _ !

Dam Safety Organisation of KSEBL, Pallom, Kottayam district

WS"]‘“



Performance Audit of ‘Preparedness and response to floods in Kerala®

Appendix 2.1

Details of encroachment of water bodies noticed in the test-checked districts and
status of action taken by Departments*

{Reference: Paragraphs 2.1, 2.3, 4.1)

sl Number of Extent of | Whether
- Location details : land (in | complaints
No. encroachments .
Ha) received or not
1 Deviyarpuzha at Adimali-Valara stretch (Survey no. 23 0.2221 8 nus. frem
i 205 and 206) in Iduki district } 2013 to 2016

Performance Audit Party examined 11 files relating to the encroachment of Deviyarpuzha maintained at Taluk Office,
Devikulam. All these files pertained to the complaints of local people and departments regarding illegal construction of
buildings by encroachment of the river bed and obstructing the free flow of the river. However, no action was taken to
identify the extent of encroachment by surveying the area. Superintendent of Palice (Intelligence}, Special Branch CID,
Thiruvananthapuram reported (December 2012) to the District Collector, Idukki about encroachments of Deviyarpuzha
by constructling multi-storied buildings and warned that non-eviction of these encroachments would lead to further
encroachments of the area. In one case, Village Officer, Manramkandam Village afier conducting preliminary enquiry
reported (January 2015} that there were 23 number of encroachments (0.2221 ha} of Deviyarpuzha at Adimali-Valara
stretch near Irumbupalam. The encroachers had been accupying the land for mare than five years. No further action
was taken in this regard. A joint site verification (December 2019) revealed that the riverbank was encroached upon by
constructing huge buildings which reduced the width of the river to a narrow srretch and thereby obstructed the free
flow of the river which caused inundation of adjacent area in 2018 flood. No survey of the river to demarcate the
boundaries was conducted to identify and evict the encroachers. Taluk Officer, Devikulam Taluk replied that out of 33
complaints and KLC cases regarding the encroachment of rivers and water bodies received in Devikulam Taluk upto
2018-19, only one evichion has taken place till date. Other cases were pending in the office either with the surveyor or
with the village officer.

Yes in May
1008

1. Kanoli €anal in Thrissur district 832 17.97

Kanoli Canal is part of west coast canal network of Kerala and the canal was constructed by combining the rivers and
streams along the coasts. In Thrissur District Kanaoli canal starts from Kodungallur Taluk and passes through
Kodungallur, Thrissur, Chavakkad and Mukundapuram Taluks. A complaint regarding encroachment of land in Kanoli
Canal was received (May 2008) in the Chief Minister’s Public Grievance Cell, Thiruvananthapuram. Chief Minister
ordered time bound dispusal of the case and stringent sction against the encroachers. Deputy Director, Survey, Thrissur
reported (January 2011) to the District Collector that there were 832 number of encroachments covering an area of
17.9673 hectares on the sides of Kanoli canal in four taluks in Thrissur District. Distnict Collector, Thrissur (August
2011} mformed Revenue Department that details of all encroachments with their sketches were passed on to Additional
Irrigation Division, Thrissur for evictior. Exccutive Engineer, Additional Imigation Division, Thrissur reperted to the
Distriet Collector, Thrissur (April 2018} that since Kanoli Canal was declared as National Waterway 3 m 2016,
eviction of encroachments would be undertaken by National Waterway Authority of India. But the fact remains that
encroachments continued without eviction even after the lazpse of nine years from the date of identification of
encroachments. A joint site verification of Kanoli Canal (December 26H9) at Chavakkad Taluk revealed large scale
cultivation of coconut trees on both sides and across the canal obstructing and diverting the free flow of the river.
Around six meters of the canal was filled with sand and fenced for private use. Local residents stated that the area
adjacent to the canal was flooded in 2018 and they were shifted to relief camps.

Yes in March

3. Bharathapuzha at Nambiar Pallam in Thrissur 11 0.5136 2517

A complaint was received at District Collectorate, Thrissur regarding the encroachment of Bharathapuzha at Nambiar
Pallam in March 2017. Tahsildar (Land Records), Thalappilly reported (June 2017) that encroachment was found in
Bharathapuzha at Nambiar Pallam on preliminary enquiry but no natural boundary and survey stones were available 10
fix the river purambokku. After conducting the survey of the arca in December 2018, Tahsildar, Thalappilly identified
11 number of encroachments covering an area of 0.5136 ha at Nambiar Pallam and requested the District Collector to
release an amount of T28.000 incurred for planting survey stones at the site. Though funds were available in River
Management Fund, the amount was not released till date. Encroachers were occupying the land for eight to 40 years. It
was observed that though the complaint regarding river encroachment was received in March 2017, the survey to
identify the extent of encroachment was carried out in Decernber 2018 and no further action was taken till date.

e e e e
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SL Number of Extent of | Whether
Location details land (in | complainty
No. encroachments B
Ha) received or not
y Yes in
: ek
4, Uttarappallivar river (Alappuzha) 47 | NA 2007 and 2015

The ongmal river course through Venmani, Ala, Cheriyanadu, Puliyoor and Ennakkad villages was blocked due to
intermittent encroachments. As part of rejuvenation activities, survey and demarcation of boundarics of the river was
attempted in April 2017. Though complaints were received m 2007 and 20135, action in this regard was initiated by the

Revenue Department only on 17 April 2017 when Uttarappalliyar Rejuvenation Campaign was launched by pooling
funds from River Management Fund for survey and demarcation of botndarics of the river. However, survey could not
be conducted in tree villages, as the resurvey records contained little or no trace of the river route in these villages.
Unless a fresh survey is conducted using the Lithomaps and records prior to resurvey, and boundaries of the river
demarcated, effective control of encroachment and rejuvenation of river path will not be realised. Though the Land |
Revenue Commissioner repeatedly sought detailed report from the District Collector on the scope of re-establishing the
flow route of the river through the five villages, there was no response in file (December 2019). As the river used to
serve as a balancing channel between the water fevels m Achencovil river and Pamba river, its stagnancy caused severe
floods in the villages during 2018.

5.

Kuttamperaor river (Alappuzha) NA**

NAii-

Yes |
May 2008

The river flows through Ennakkad and Mannar Villages in Chenganmur Taluk. The river has a length of 7.2 km m—l
Alappuzha distnict. Contmuous encroachment identified on either side of the nver causing shninkage of the width of the
river to about 15m 1o 20m against the actual width of 70m. No survey of the entire stretch of the river was conducted
till 208 floods. The villages through which the river flowed were severely affected during 2018 flood. Irrigation
Department took up (March 2019) rejuvenation of the river under NABARD assisted scheme, which is yet to he
completed.

6. District Collector Emakulam stated that noticeable encroachments were not reported in the District. The justification
15 not fenable as survey of Tivers is to be conducted in order fo identify illegal encroachments in rivers. However, Audit
observed that no survey of water bodies was conducted i Paravur, one of the selected Taluks. Detection of
encroachments is not pussible in the absence of survey and demarcation of boundaries of rivers.

* Based on examination of files at respective ficld offices. ** Details not available
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Performance Audit of ‘Preparedness and response to floods in Kerala'

Appendix 2.2

Statement showing shertage of equipment, vehicles and infrastructural facilities
in Kerala Fire and Rescue Services Academy

{Reference: Paragraph 2.6)

Number of |

Sl | Nature of Description Number of items items in
Neo. | shortage in possession j
shortage

1. Trailer Pump 5 Nil
2. Portable Pump (serviceable) 1 Nil
3. Generator (230 volt) I Nil |
4. BA Set (serviceable) 8 50
5. SCUBA Set (serviceable) 3 20
6. BA Compressor set (serviceable) 1 2
7. Float pump | 2 Nil
8. Hydraulic equipment set (serviceable) | 1 1
9. Chain saw (serviceable) | 2 10
10. Concrete cutters (serviceable) . 2 3
11. Rubber Dinghy with OB engine ! Nil 2
12. Fibre Boat i Nil 2
13. Fire Fighting Suit Nil 70
14, Chemical suits Nil 25
15. Pneumatic rescue tools , Nil 2 sets
16. High pressure portable pumps ' Nil 3
17. | Equipment Rope rescue kit and accessories Nil 10 sets
18, Life detectors Nil 5|
19. | Demolition hammers Nil 3 sets
20. Thermal imaging cameras Nil 3
21 Extinguishers Nil 50
22 Rope Launcher Nil 2
23. Leak arrest kit Nil 5
24. Canister Nil 20
25, Inflatable Tent Nil 2
26. Inflatable Light 1 3

| 27. | Portable Water Mist Nil |

| 28. Exhaust Blower Nil 2
29. Basic life support zccessories -

Mannequins, AED ete. i

| | Choking arrester kits Nil 3 sets each

- Stretchers etc. 2 10 |
30. Multi-Purpose Rescue Tools 1 Nil
3L Fire tender 1 Nil

32, Mobilising  bus {old - proposed for 1 I

| condemnation)

33 Excavator 1 Nil
34 Jeep 2 Nil
35. . Bolere Jee 2 Nil
36, | cnicles re ) Nil 2]
37. Water mist tender Nil 1

| 38. | Emergency Rescue tender 1 I
39. Quick response vehicle 1 I
40. SCUBA Van Nil 1 |
41. Mess Van Nil ]

I () e ———
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SL

Nature

of

Number of items

Number  of |

Description - . items in

No. | shortage in possession shortadie |
42. Fire Jab |
43. Multipurpose rescue tower |
44, Smart class rooms _j
45. Computer lab .
:g Shortage of EA smoke room galtery 1

— infrastructure re lift — ’
48. facilities Fixed firefighting installations models |
49. Drill grounds - § acres additional ]
30. Conference room-under construction 8
51. Barrack-under proposal, design and approval stage
52. Library
53. Health club

m@)lm



Performance Audif of ‘Preparedness and response to floods in Kerala'

Appendix 3.1
Salient featares of Mullaperivar, Idukki, Idamalayar, Lower Periyar dams and Bheothathankettn barrage

{Reference: Chapter 3, Paragraphk on Reservoir operation)

Name of Dam/ il-'l{!.“ ]IM\\ L'™ |MDDL'™ [Capacity |Live' |Capacity at |Free |Spillway type and [Number, typcand |Extentof | Discharge
Barrage and  |[{m. M |{m, MSL) (m, M5L) at FRL storage dead bozrd* discharge design size of gates catchment  |capacity
source of data (MOM)  |capacity storage'?  |over MWL |volume {cumecs) srea feamecs)
b ——— - 18 L AMOM) level (MOM) (m) |  [— (sq. krn)
Mullaperiyar - -+ 4145 =¥ 19936 144 17 091 Vertiwal  and  radial |3 cumbers 60295 59E|
Dam shutter type. 10597 x4 87 m
(Irrigation | | | |3454.65 (3 number  of]
Department) | | |vertical gates)
1219848 m
(1 pumber  of
| o | 1 | . |  jradmalgates) | |
Iddukks damy T324%| 73411 69494 [99634) 145949 536 81 1.79|Chute, 5912 5 mumbers of radial| 650.00 557.50
Cheruthom dam | | i |gates,
{KSEBL) | P 1 | I | i | I 121W9x103m . |
ldamalayar dam 169 00 171.20 [1500[ 108980 1017 80 T200| 0.80|Ogee, 3248 {4 number of radial|380.79 NA
(KSEBL) gates, 115297 m [{excludiog
101 sq. &m|
Nur
| ) | | | | ] il o . __earchment
Lower |'L-n).uI 25500 256 (0 23774 5.30| 4.50 0 80| 1 00|Ogee, 11200 5 pumber of radial| 584.00 33894
dam gates,
(KSEBL) | 1 _1 Il ! Jil 1 L3S i5.65m
Bhoothathankettu 3495 - Elecmneally aperated 3 numbers 3048 00
barrage framed steel shuatters 9 [4 x [0 36 m
{lmgation with  vertical  lifting| 12 mumbers
Department} amangements of chan|12.19x9.14m
pulley biocks cquipped
with caunterw e ht
. 1 | Boxes, TO7Y . 1

* matter 15 ~ub]i1dice

Full Reserviur Level (FRL) corresponds 1 the water level when the dam s fitled 4 s full capucity
Maximum Water Level (MWL) corresponds typcally to the top level of the gates. At MWL, the flow
Muntmum Drawn Down Level

Live stopage is the storage between FRL and the dead storage Jeved

Dewd storage 15 the minimum amount of water e be mameuned in the dam

The storage between MWL and FRL 15 avarlable as fleod cushion.

e R

aver spillway will be at design flood discharge




Rule curve framed in 1983 for I1dukki dam

Appendix 3.2

(Reference: Paragraph 3.6.1)
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Performance Audit of ‘Preparedness and response to floods in Kerala’

Appendix 3.3
Rule curve framed in 2020 for Idukki and 1damalayar dams
(Reference: Paragraph 3.6.1}

Time Step Reservoir Level in meter
Tdukki Idamalayar
June 10™ 723.29 161.00
June 20 723.29 161.00
June 30" '_ 723.29 161.00
July 10™ 724.00 161.50
July 20" 724.80 161.75
| July 31% 725.60 162.50
August [0* 726.50 163.00
August 20™ ) 727.50 163.50
August 31% 728.50 164.00
September 10® 729.25 165.00
| September 20" 730.00 166.00
| September 30™ 730.59 166.30
October 10" _ 730.84 166.60
October 20" - 731.17 166.80
October 31¥ i 731.31 167.00
November 10™ 731.46 168.50
November 20 ~ 131.53 168.50
November 30™ | 731.53 , 168.50

R 4 e e e ——
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Appendix 3.4

Procedure followed for conduct of simulations of reservoir operations using rule
curves

(Reference: Paragraph 3.6.1)

The Idukki reserveir operation is analysed with the rule curves developed both in
1983 and 2020 whereas the Idamalayar reservoir operation is analysed with only the
rule curve of 2020,

The reservoir operation was simulated by IS¢, Bangalore for its study as follows
See1= 8¢+ Qi — Re— E; - Spill, (Eq. A)
where,

Si+1 Teservoir storage at the end of the period t

S« reservoir storage at the beginning of the period t

Q:: the inflow to the reservoir during the period t

Rq: release from the reservoir during the period t

E:: evaporation loss from the water surface in the reservoir during the period t

Spill;: excess water spilled from the reservoir during the period t

Period t is the time interval for which the reservoir operation is simulated. This may
be for example a month, a day, an hour etc. All terms are expressed in volume units

(MCM). Eq. A uses the principle of continuity. The rule curve analysis is carried out
for the entire monsoon period from June to September 2018.

*95_



Performance Andst of ‘Preparedness and response to floods in Kerala’

Appendix 3.5

Sample simulations of Iukki reserveir using 1983 rule curve

(Reference: Paragraph 3.6.2)

-

[ Storageff“' Tsmmge for :;‘;‘:ﬁ;ﬂg ;]fze l Reservoir H.{ i lnﬂuws. to ‘ Evaporation es;;r:f_:;:.;z; Spils :}r::gl' !
Day upper Ievels lower rule the dav level(m, | discharge | reserveir | loss before spils (MCM | spills
(MCM) | levels (MCM) | gy MSL) (MCM} | (MCM) | (MCM) 2FGHAL6) | L (MCM)
| Ia b | 2 3 4 5 & | 7 | 8 | 2
| 30-06-2018 [ 1315.47 805.58 805.58 705.00 1.83 5.81 0.13 81344 | 000 | 81344
01-07-2018 , 133736 816,83 B34 70526 0.00 5.89 (I3 | §22.20 000 | 82220
[02.07-2018 135924 | 828,08 | 2220 |  705.56 | 0.00 10.72 0.13 | 83278 | 000 83278
03-07-201% 1381.12 %¥39.32 83278 705 9[_ | (.00 LEL 0.13 | 240 66 0.00 K40 6
| 04-07-2018 1203.01 850.57 | X4066 | 70617 | 0.00 6.53 013 §47.05 000 84705
05-07:2018 1424.89 361.81 84705 | 70639 | 0.00 5.56 | 0.13 | 85248 0.00 | 8524K |
06-07-2018 1446.78 573.06 T Rs248 | 70R.57 0.00 5.04 .13 857.39 000 | %5739
[07-07-2018 146866 88431 5739 706.73 0.00 6.46 .13 863.72 0.00 | 86372
08072018 | 1490 54 89555 | K63 72 706.95 0.00 9.50 | 0.13 87309 000 7309
09-07-2018 i 151243 906 80 | §T309 ] 707.24 0.00 19.66 | 0.13 | 892.62 000 | 89262
(10072008 | 153431 | 918,05 | §9262 | 107.80 | 0.00 34.60 0.13 | 927.09 0.00 | _{a:.’ii‘l
C11-07-2018 T 1556.19 | 92929 | 92709 | ORI 0.00 32.70 0.3 ] 959,66 0.00 | 959.66
12-07-2018 I578.08 940.54 959.66 709.71 206 28.23 0.13 | 98560 | 000 | 98569
13-07-201% . 1599.96 951,78 985.69 | 71046 194 | avey | 0.13 | 102431 | 000 102431
14-07-2018 [ 1621.54 963.03 | 1024 31 71156 1.85 3321 013 105556 | 000 | 105554
[ 15-07-2018 1643.73 97428 | 105554 71245 | 19 5377 0.13 110778 | 000 | 110778 |
16072018 ] 166561 | 985.52 | [107.78 71385 | 159 | 61.92 0.13 | 116799 000 | 116799 |
17-07-2018 ' 168749 996.77 116799 71534 | 327 4173 013 | 120632 000 | 120632
18-07-2018 1709.38 1008 02 1206.32 71629 | 5.0 3802 0.13 123920 000 | 123930
[ 19-07-2018 173126 1019 36 123920 77| 592 | 35.83 0.13 1268.98 0.00 | 12689%
| 20-07-201% 1753.14 103051 1268.98 TI785 | 6.74 | 29.70 0.13 + 1291.81 000 | 129181
21-07-2018 1775.03 1041 75 1291 K1 TI% 41 563 | 26 0.13 | F308.6% | 000 | 130869
[22:07-2018 1796 91 1053.00 1308 69 71883 540 | 20.09 013 132325 | 000 132325
[ 33.07-2018 [ 181879 106425 | 132335 71919 | 683 ] 2350 0.13 | 1339.79 000 | 133979
24-07-2018 I 184068 107549 | 1339.79 | 719.57 | 8.87 | 39.11 0.13 | 1369.90 0.00 | 136990

Of =T
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Storage for | Storagefor | LLOESS RS | Reservolr | PH inflowgys | Evaporation en ot :1::;| Spils | atier
Day upper levels lower rule the day level (m, discharge | reservoir | loss before spills | (MCM) | spills
(MCM) levels (MCM) | acnn MSL) MCM) | (MCM) | (MCM) | () )04 | (MCM)

1a 1b 2 3 4 5 6 7 | 8 9
25072018 1862.56 1086.74 1369.90 72023 3.12 39.35 0.13 1399.99 0.00 | 1399.99
26-07-2018 1884.44 1097.99 1399.99 720.836 9.74 39.98 0.13 1430.10 000 | 1430.10
27072018 190633 1109.23 143014 721.51 9.82 24.83 0.13 | 1444.99 000 | 144459
28-07-2018 1928.21 112048 1444.9% 12183 9.68 24.36 013 ] 1459.54 000 | 145954 |
29-07-2018 1950.09 113172 1459.54 72214 10.05 2341 0.03 | 1472.78 0.00 | 147278 |
30-07-2018 197198 114297 1472.78 722.42 10.04 21.75 0.13 | 1484.36 0.00 | 148430 |
31-07-2018 1993.86 1154.22 1484.36 722.67 10.07 19.14 0.13 | 1493.29 | 000 | 1493.29
01-08-2018 1993 .80 1168.36 1493.29 722,86 10.07 1483 | 0.13 | 143792 040 | 1497.92
02-08-2018 1953.86 118251 1497.92 722.96 10.09 12,53 | 0.13 | 1500.23 0.00 [ 150023
03-08-2018 1993 86 1196.66 1500.23 723.01 9.5% 11.37 | 0.13 | 1501.89 0.00 | 150189 |
04-08-2018 1993.86 1210.8) 1501.89 72305 9.30 9.10 0.13 ] 1501.55 0.00 | 150155 |
D3-08-2018 199336 1224.96 150155 723.04 9.50 | 7.97 0.13 1499.89 0.00 | 1499.89
06-UB-2018 149386 1238.11 14%9.89 723.00 | so0 | Kae 0.13 | 1499.23 000 | 149903
07-08-2018 1993 86 1233.26 1499.23 722.99 9.05 | 16.46 043 | 1506.50 400 | 150650 |
08-08-2018 1993 .86 1267.40 150650 723.15 9.99 | 39.58 0.13 | 153596 000 | 153596 |
09-08-2018 1993.56 128155 1535.96 723,78 9.95 | 5745 0.13 158333 000 | 15K
10-08-2018 1993 86 1295.70 1583.33 724.80 9.98 | 61.03 0.13 1634.26 0.00 | 1634.26 |
11-08-2018 1993.86 1309.85 1634.26 725.82 | 9.96 | 45.44 | 0.13 1669.62 0.00 | 1669.62
12-08-2018 1993.86 1324.00 1669.62 72648 | 9.99 | 4844 | 0.13 1707.94 0.00 | 170794 |
13-08-2018 1993.86 1338.15 170794 727.18 | 10.00 | 45.99 | 0.3 1743.80 0.00 | 1743.80
14-08-2018 199385 135230 1743 80 72784 | 559 RA1% | 0.3 181786 0.00 | 1RI7.86 |
15-08-2018 1993.86 136644 1817.86 729.21 | 999 | 16506 | 0.13 1972.80 | 0.00 | 197280
16982018 1993.86 1380.39 1972.80 732.03 | 9.95 | 15496 | 0.13 2117.68 | 12382 [ 1993386
17-08-201 % 1993.86 139474 1993.86 732.40 | 998 | 11170 0.13 209545 | 10).59 | 1993860
18-08-2018 1993.86 1408 8% 1993.86 73240 | 966 | 9251 | 0.3 2076.58 8272 1993.86 |
19-05-2018 1993.86 1423.04 1993.86 73240 9.9% 62.88 | 003 ] 204663 5277 | 199386
20-08-2018 1993.86 1437.19 1993 86 73240 | 9.95 | 37.54 | 0.13 2021.33 2746 | 199386 |
2i-08-2018 1993.86 1451.34 1993.86 73240 | .68 29.95 0.13 2014.00 2014 | 199386 |
22-08-2018 1993.86 146548 1993.86 732.40 9.98 24.60 0.13 2008.35 1449 | 1993.86 |
23-08-201% 1993.86 1479.63 1993.86 732.40 9.96 20.39 0.13 2004.16 1030 | 1993.86 |

&97%



Performance Aodit of ‘Preparedness and resposse to foods in Kerala”

sorageto | ot S e [P T st | Bvportin | S |
Day upper levels Tower rule | the day level {m, discharge | reservoir | loss beforespills | | (MCM) | spills
MOCMY levels (MCM)Y | (yien) MSL) (MCM) | (MCM)y | (MCM) (ZPHE-AH6) | (MCM
la 1b | 2 3 4 5 | 6 7 8 | 9
24-08-2018 199356 149378 | 1993.86 732.40 9.96 18.96 | 0.13 2002.72 %86 | [993.86
25-08-2018 199386 1507.93 | 1993 86 732.40 9.96 17.77 | 0.13 2001.55 768 | 199386
26-08-2018 1993.36 152208 | 199386 722,40 993 16.42 0.13 2000.22 635 | 199336
27.08-2018 1993.86 1536.23 | 1993 86 73240 9.97 18.44 013 200220 %34 | [593.86
I8-08-2018 199386 155038 1993 §6 732 40 9,91 18.71 013 2002.53 267 | 199186
29-08-2018 1993.86 1564.52 1993.86 732.40 997 15.79 0.13 1999.55 569 | (99386
[ 30-08-201% 1993 .86 1578.67 | 1993.86 732.40 §.69 15.17 0.13 200021 6.35 | 1993.36
IL-08-2018 199386 1592.82 | 1993 .86 732.40 10.01 15.83 0.13 1999.56 569 | 199386
01-09-2018 1993.36 1596.33 | 1993.96 732.40 10.01 14.17 0.13 1997.59 .03 | 199386
02-09-2018 1993.86 1599.84 | 1993 .86 732.40 496 849 0.13 1992.26 080 | 1992.26
03-09-2018 1993.86 1663.35 1992.26 732,37 9.74 7.58 0.13 1989.98 0.00 | 198998
[ 04-09-2018 1993.86 1606.86 1989.9% 73233 9.20 7.38 | 0.13 1988.03 0.00 | 1938.03
05-09-2018 1993 86 161036 198503 73230 9.14 699 | 0.13 1985.74 000 | 198574
[ 06-09-2018 1993 .86 1613.87 198574 732.26 10.03 6.88 0.13 198247 000 | 198247
07-09-2018 1993 86 1617.38 198247 732.20 9.89 457 0.13 1977.01 000 | 197701
[ 08-09-2018 1993.86 1620.89 197700 | TRzl 9.55 339 0.13 | 1970.72 000 | 197072
09-09-204% 1993 .86 1624.40 197072 |  732.00 %3] 3.82 0.13 | 1965.09 0.00 | 1965.09
10-09-2018 1993 .86 162791 1965.09 731.90 9.76 361 0.13 1958.81 600 | 195881
11-09-201% 1993 86 1631.42 1958 81 731.79 8.51 3.68 0.13 1953.85 000 | (95385
12-09-2018 1993.86 | 1634.93 1953.85 731.70 .73 2.89 0.13 194889 0.00 | 194887
13-09-2018% 1993 86 1638.43 1948 89 73161 | 6.89 470 0.13 1946.57 0.00 | 194657
14-08-2018 1993.86 164594 1946,57 TILST 6.49 .99 013 1940.94 0.00 | 194094
15-09-201% 1949386 164545 | 194084 | 73147 7.14 264 0.13 1936.31 000 | 193631
16-09-2018 1993.86 1648.96 | 193631  T3L3% .89 3.04 0.13 1933.33 g0 | 193333
17-09-201% 1993.86 165247 193333 | 73133 5.28% 276 0.13 1930.68 0.00 | 193068
" I8-09-2018 1993 86 1655.9% 193068 731.28 511 293 0.13 192837 000 | 197837
[ 19-09-201% 1993 86 1659 49 192%.37 731.24 4.96 3.77 0.13 | 1927.04 000 | 1927.04
| 20-09-2018 1993 86 166299 1927.04 731.22 6.40 355 0.13 1924.06 0.00 | 192406
21-09-2018 1993 86 1666.50 1924.06 73116 736 2.46 013 1919.10 000 | 191610
22-09-2018 1993 86 1670.01 1919.10 731.67 7.05 222 6.3 1914.13 000 | 191413
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Storage f-or Storage far i::;;ﬁ:n:t;:.“ Reservoir Pi.l | lnﬂows. to | Evaporation :;T:f.:h'; :;; Spills :;.:::Ee
Day upper levels lower rule the dav le\:el {m, discharge | reservoir loss‘ before spills | (MCM) | spills
(MCM) Tevels (MCM) | (yyeap) MSL) {(MCMy | MCM) | (MCM) Q)HEHAH6) | (MOM)
, T Tha ' b 2 3 T a ] 3 K 8 9
| 23092018 | 1993ke | 167352 191413 | 73098 | 4.16 3.96 013 191380 000 | 191380 |
[ 24-09-2018 1993.86 | 1677.03 1913.80 730.97 613 7.58 0.13 | 191512 | 000 191532
25092018 199386 | 1680.54 191512 73100 520 434 003 ] 191413 000 191413 |
| 26-09-2018 [ 199386 | 168305 1914 13 73095 | 6.14 ~sal 013 191347 000 191347
27-09-201R | 1993 86 | 1687 56 | 1913 47 73097 | 502 5.81 (.13 1914.13 0.00 1
2892008 | 199386 | 169106 | 191403 73098 | $77]  9sa|  0i3 ] 191777 000 1917,
L29-09-2018 | 199356 | 169457 | 191777 | 73105 | 532 1042 03] 1922747 000 192274
(Source: lise, Bangalore's Report on Kerafa Floods 20]8)
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Appendix 3.6

Sample simulations of Idukki reservoir using 2020 rule curve

{Reference: Paragraph 3.6.2)

T

Storage at . A Storage at the Storage
Storage for  the Reservair PH Inflows to | Evaporation end of the. day Snills £
A . . p after
Day rulelevel | beginning of level discharge | reservoir Luss befare spills MOM) | spills
| (MCM) | the day vel@ Moy oM | (e @rsHapey | MEVD SR
. (MCDT) | (MCM) | (MO
1 2 3 4 5 6 7 8 9
T10-06-2018 1513.9% 151398 | 72330 38| 1353 013 155500 302 | 1513.9%
11-06-20158 1513.9% 1513.9% 72330 | 52.36 0.13 1562.69 4871 1513.9% |
12-06-201% 1513.98] 1513.9% 72330 i 3428 0.13 | 154387 | 29.89 151398
13462018 151398 151398 72330 2539 0.13 1537.07 | 23.09 | 151398 |
14-06-201% 1513.95] 1513.98 | 72330 16.99 0.3 153871 1473 [513.98
15062018 | 151398 151398 72330 1295 0.13 152547 | 1149  I513.98
T 16062018 | 151398 151398 723,30 T 013 152602 | 1204 151398
[ 17-06-2018 1513.9% 1513.9% | 72330 | 762 013 | 151938 540 151398 |
| 1R-06-2018 151398 150398 | 72130 | s ] 0.13] 1519.3% 539 i513.98
19-06-2018 | 1S139%8] 1513.98 | 72330 986 013 | 152208 | 8.10 151198
T 20062018 | 151398] 151398 72330 1227 0.13 152357 | 958 151398
21062018 | 15139 151398 72330 1321 013 1524.79 1081 151398
22406-2018 1513.9%] 1513.98 | 723.30 1242 0.13 152406 | 1008 | 151398 |
[ 2306-2018 151398 1513.98 72330 1261 | 013 1522.58 8.60 151398 |
24-06-2018 151398 151398 | 72330 | 900 013 152037 639 1513.98 |
[2506:2008 | 151398 151398 | 72330 "i':'i'-;'fi': - 013 152232 834 1513.98
26-06-20158 151398 151395 72330 922 13 1521.10 712 151398
[ 27062018 | 1S139% 1513.98 | 72330 1037 013 1522.83 | BAS | 151398 |
28062018 | 1513.98] 1513.95 | 72330 | 1035 | 013 152258 8,60 113,98 |
29.06-2018 | 151398 151398 | 723.30 857 0.13 1521.35 737 151398
[ 30-06-2018 151393 1513.9% 723.30 | 981 f 0.13 1521.83 459 | 1517.24
| U1-07-2018 1517.24 1517.24 | 72337 849 | 013 1524.60 | 410 152050

- | () ()~
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Storage ut | i Styrage st the | Storuge
[ Storage for | the Reservair i PH lnﬂows_to | Evaporation end of the_ day Spills after |
Day rule level | beginning of level {m) | discharge reservair Loss before spills (MCM) | spills I
- (MCM) | the day | (MCM) MeM) | 1evy QPS4 MCM)
| (MCA) | | (MCM) -
1 2 3 | 4 . 5 | 6 ] 7 8 9
02-07-2018 1520.50 1520.50 723.44 2.49 | 10.72 | 0.13 | 1528.60 4.84 1523.76 |
03-07-201% 1523.76 152376 72351 273 | 500 013 152941 238 1527.03
04-07-2018 1527.03 1527.03 723.58 272 | 6.53 013 1530.70 0.4] 1530.29
05-07-201% 153029 1530.29 72365 299 5 56 0.13 153273 0.00 153273 |
06-07-2018 1533.55 1532.73 72370 27| S04 0.i3 153492 0.00 153402
07-07-2018 153681 153492 723.75 266 | 646 013 1538.59 0.00 1538.59
08-07-2018 1540.07 153859 72383 1.03 950 0.13 1546.93 3.59 154333 |
09-07-2018 154333 154333 723.93 165 19.66 0.13 1561.02 14.42 1546.59
10-67-2018 1546.59 1546.59 724.00 3.05 34.60 0.13 1578.01 27.60 155041 |
11-07-2018 155041 1550.41 72408 1.16 32.7¢ 0.13 158182 2759 1554.23 |
12-07-2018 1554.23 155423 724.17 2.06 2823 0.13 1580.26 220 155805 |
13-07-2018 1558.05 1558.05 72425 1.94 40.69 0.13 1596.66 14.80 1561.86 |
14-07-2018 1561.86 1561 K6 72433 1.85 3321 013 1593.10 27.42 1565.68
15-07-2018 1565.6% 1565.68 724.42 139 53.77 0.13 1617.92 4842 1569.50
16-07-2018% 1569.50 1569.50 724.50 1.59 61.92 0.13 1629.70 56.39 1573.32
17-07-2018 157332 1573.32 72457 327 41.73 0.13 1611.65 3452 1577.13
[ 18-07-2018 1577.13 1577.13 724 65 5.01 802 013 161001 2906 1580 95
[ 19-07-201% 1580.95 158095 724.72 592 3583 013 1610.73 2596 1584.77
20-07-2018 1584.77 1584.77 72480 | 6.74 29.70 013 1607.60 19.13 158847
| 21072018 1588.47 1588 47 72487 | 563 2264 013 1605.35 13.18 1592 16
22072018 1592.16 1592.16 72495 | 540 2009 0.13 1606.72 10.86 1595 86
2307-2018 1595 86 1595.86 72502 | 683 2350 0.13 161240 1284 1599.56
24-07-2018 1599.56 1599.56 725.09 | 887 39.11 0.13 1629.67 2641 1603.26
[ 250722018 160326 1603.26 725.10 | 9.12 3935 0.13 163336 26.40 1606.96 |
26-07-2018 1606.96 1606.96 725.24 | 9.74 39.95 0.13 1637.07 26.41 1610.66
27-07-2018 1610.66 1610.66 72531 9.82 24.83 0.13 1623.54 11.1% 161435
28-07-2018 1614.35 1614.35 72538 9.68 2436 0.13 1628.91 10.85 1618.05
29-07-201% 1618.05 1618.05 725.45 10.65 2341 0.13 | 163129 9.54 1621.75

wml“
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T

Stll_rxéeat | | | Storage at the
Storage for | the Reservai PH | Inflows to | Evaporakion end of the day .. Storage
F_ Vi . " - Spills after
Day rale level | beginning of fevel (m) discharge reservoir Loss before spills | MCM) spills
| (MCM) | the day (MCM) MCM) | (MCM) | rSHaHe) | T Mo |
| (MCM) | (MCM} |
1 2 3 4 ' 5 6 7 ] 9
|l . 4{
30-07-2018 1621.75 | 1621.75 725.53 | 10.04 21.75 013 1633.33 | 7.58 1625.45
31-07-2018 162545 162545 725.60 10.07 19.14 | 0.13 1634.38 | 430 | 1630.08
01-08-2018 1630.08 1630.08 725.69 | 10.07 14.83 0.13 163471 0.00 1634.71
02-08-2018 1634.71 163471 | 72578 | 10,09 1253 013 163702 0.00 1637.62
03-08-2018 1639.34 1637.02 725.83 | 9.59 | 11.37 0.13 1638 67 000 1638.67
[ 04-08-2018 1643.97 163867 725.86 930 | 910 013 163834 000 163834
| 05-08-2018 1648.60 163834 725.85 9.50 | 7.97 0.13 1636.68 0.00 | 163668
06-08-2018 1653.23 1636.6% 725.82 9.00 | 846 0.13 1636.01 0.00 | 163601
07-08-201% 1657.86 1636.01 72581 9.05 | 1646 0.13 1643.29 0.0 164329
08-08-2018 1662.49 1643.29 72595 | 9.99 | 30,58 013 1672.75 5.63 1667.12
[ 09-08-2018 1667.12 166712 72641 | 9.95 5745 013 171449 4274 167175
[T10-08-2018 1671.75 1671.75 72650 | 9.9% 61.03 013 1722.68 45,50 1677.18
[ 11082018 | 16778 167718 726.60 | 9.96 | 1544 | 013 1712.54 20921 168261
[2-08-201% 1682.61 1682.61 726.70 | 9.99 0.13 1720.93 12.89 168804
[ 13-08-2018_ 1688.04 1688.04 V2680 10.00 | 043 172390 30.43 169347
[ 14-08-2018 1693.47 1693.47 726 %0 KX B 013 | 1767.54 6863 169851
15-08-2018 1698.91 169891 T27.00 9.99 | 0.13 1853.85 149.51 1704.34
| 16-08-2018 170434 170434 727.10 9.95 | 0.13 184922 139.45]  1709.97 |
17-08-2018 1709.77] 1709.77 727.20 9.9% 11170 | 0.13 151136 9616 1715.20
| 18-08-2018 171520] 1715.20 | 727.30 9.66 92.51 | 013 179792 7729 172063
19-08-2018 1720.63 1720.63 | 727.40 9.9% | 62.88 | 0.13 | 1773.40 4734 172606
20-08-2018 1726.06 1726.06 727.50 9.95 37.54 | 013 175353 | 1151 1731.01
21-08-2018 1731.01 1731.01 72759 | 968 | 2995 | 013 ] 175116 [ 1519 173596
22-08-2018 1735.96 173596 727.68 | 995 | 2460 | 013 175045 | 953 1740.91
23-08-2018 174091 174091 2777 9,96 | 2039 | 0.13 1751.21 535 1745.86
| 24082018 174586 1745.86 72786 9.96 | 1896 | 0.13 | 1754.73 3.91 1750.81
[ 25082018 [ 175081 175081 72795 996 | 1777 0.13 1758.50 2.73 1755.76
| 26-08-2018 1755.76 175576 728.05 9,93 16.42 0.13 1762.12 1.40 1760.71
[ 27-08-2018 1760.71 1760.71 728.14 9.97}__ 1844 | 0.13 1769.05 3.39 1765.66

L__________________________________________________________________;es . _________________________ |
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2 o— Storage at the Storage [
' Storage for ?I::HLE N ] PH Inflows to | Evaporation end of thentll:_v Spills after E i
[ Day rulelevel | beginning of I;‘R‘?:';‘I;;" discharge reservoir Loss m’:}:‘:}{ 6) (MCM) | spills
(MCM) | the day (MCM) MCM) | (MCM) 4cA0 (MCM)
(MCM) | — 3 |
C : : 2 . = 71774 33 37 l‘f?ﬂbT‘l
["28-08-2018 1765.66 1763.66 72823 | 991 :;‘;; g‘g 177631 074 177557 |
[ 29-08-2018 1770.62 1770.62 728.32 | 9.97 %] : o3 Lol . e
30-08-2018 | 177557 1775.57 728.41 8-::9 |¥ui 51 7631 166 176455
31082018 | 174052 178052 728 50 1001 i 213 ey o0 =
01-09-20158 | 178455 178455 | 72857 10.01 = oLl e e e
0209-2018 | 1788.58]  1788.58 | L o 7 5% 013 1784.70 0.00 1784.70 |
03-09-2018 | 179261 17989 s e 738 013 1782.74 0.00 1782.74
Seanit Lt 770 El . 699 | 013 1780.46 0.00 1780.46
05-09-201% 1800.68 1782.74 728 54 9_1-: s ol L o e
06 U8 S, el Ll o o 157 0.13 (771,73 0.00 177173
07-09-2018 1808.74 1777.18 728 44 989 & 013 i o e
o L L LU e S 182 013 175981 0.00 1759.81
09-09-2018 el 176544 2 o 361 0.13 1753.53 0.00 1753.53
10-09-2018 1820.54 1759.81 728,12 9.76 35t ] 813 e & 174857 |
11-09-201% 1824.8% 1753.53 728.00 K51 L a1 o 00 )
12-09-201% 1828.92] 1748.57 72791 .73 :vu nL e T35 T
13-05-2018 1832.95 1743.61 727.82 6.59 A% o3 L s 73585
14-09-2018 1836.99 174129 72778 649 L 03] 13246 et s
[ 15092018 1841.03] 173566 72768 e 5 013 | 172805 000 172805
| 16-09-201% 1845.07 1731.03 727.59 ::W 2 cas i 173520 1 400 172540
[ 17-09-2018 1849.10 172805 2754 28 T 013 1723.08 600 1723.08 |
| 18-09-2018 IRAR1E 2o 19 ! 5 513 172176 000 172176 |
[ 19092008 | 18578 1723.08 | 727 4-‘1 496 '355 013 171878 000 171878
| 2009-2018 | 1861.22]  i72076 S 5‘:3 246 0.3 17382 000 170382
(21092008 | 186441 171878 73737 | L 24 e iR T30 e
22092018 | 1867.60 1713.82 727.2% 0 ;.;; - e T T
23092018 1870.80 170855 727.18 116 T 813 o o o8]
24-09-2018 1873.99 170852 | 72718 el : .13 1708 85 0.00 170885 |
35:09-201% 1877.19 170984 | 727.20 320 LR : :

101 -+
N S~ I T
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| | Storage at Storage at the Storage
Storage for | the R . FH Inflows to | Evaporation end of the day . 2
. eservoir " f Spills after
Day rulelevel | beginning of level () discharge reservoir Loss hefore spills MCM) spills
(MC) |/ che iy (MO MCM) | (MW ereans D
(MCM) (MCM) .
I 3 a s 7 3 7 3 9
(26092018 | 188038 170885 | 72718 | 6.14 | 560 013 1708.19 000 170815
T 27092018 | 1708.19 72707 so2 | S8l 013 1708.85 6.00 170883
28-09-2018 1708 85 727.18 577 954 0.13 171249 0.00 171249
[ 29-09-2018 198996 171249 | 72725 | 532 | w4z o1 171746 000 | 6

(Source: 1ISc, Bangalore s Report on Kerala Floods 2018)




Appendix 3.7

Sample simulations of Idamalayar reservoir using 2020 rule curve

{Reference: Paragraph 3.4.3)

Day Storage for | Storage at Reservoir | PH Inflows te Evaporation | Storage at the I Spills Storage

the rule the fevel (m, | discharse FeSETvOIr loss {MCM) | end ofshe day | (MCM) afier

level | begioning of | MSL} | (MCM) (MCM) before spills | spills |

(MCM) | theday BHE-AHE) | {MCAD

(MCM) | (MCM) |
] 2 3 |4 5 6 7 |8 9

10-06-2018 860.00 R60.00 161.00 | 1.77 28,30 0.00 886.53 2653 860.00
11-06-2018 860.00 | 860.00 161.00 | 112 23.16 4.00 882.04 2204 860.00
12-06-2018 £60.00 | §60.90 161.00 | 1.38 2634 0.00 884.96 24.96 860.00
13-06-2018 860.00 | §60.00 161.00 | 1.30 22,60 0.00 881.30 21.30 860.00
14-06-2018 860.00 860.00 151.00 2.16 24.18 0.05 881.96 21.96 860.00
15-06-201% 860.00 §60.00 161.00 0.32 1633 0.04 875.98 15.98 $60.00
16-06-2018 K60.00 860.00 161.00 0.56 14.58 002 86999 999 860.00
17-06-201% 860.00 860.00 16100 1.15 11.14 0.00 869.99 9.99 860.00
18-06-2018 £60.00 | 860.00 161.00 0.81 8.28 0.02 B67.46 7.46 860.00
19-06-201% K60.00 | 860.00 161.00 | 1.95 846 0.05 | 866.46 6.46 860.00 |
20-06-2018 860.00 | 860.00 161.00 0.76 10.68 0.04 | 869.88 9.58 860,00 |
21-06-2018 860.00 £60.00 161.00 0.59 13.29 0.00 | 572,70 12.70 860.00
22-06-2018 §60.00 860.00 161.00 061 13.66 0.02 | 873.04 13.04 860.00
23-06-2018 860.00 860.00 161.00 0.53 1293 0.02 | 87238 1238 860.00
24-06-2018 860.00 860.00 161.00 0.54 7.53 0.03 866.97 697 260.00
25-06-2018 860.00 860.00 161.00 0.62 1.62 0.03 £66.97 6.97 860.00
26-06-2018 £60.00 860.00 161.00 0.34 B85 0.00 868.51 851 860.00
27-06-2018 £60.00 860.00 161.00 0.6% 7.30 0.03 866.58 6.58 560.00
28-06-2018 86000 860 00 161.00 149 10.02 0.01 868.51 851 860.00
29-06-2018 860.00 860.00 i61.00 0.54 1021 0.00 869.67 9.67 860.00
30-06-2018 860.00 860.00 161.00 | .44 9.86 0.03 §69.38 7.97 §61.41
01-07-2018 861.41 861.41 161.05 0.35 .63 0.02 | B68.66 5.83 8§62.83
02-07-2018 862.83 862.83 161.10 0.28 7.25 0.04 | 869.76 5.51 864.25
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Performance Audit of ‘Preparedness and response to floods in Kerala®

Day | Storage for | Storage at Reservoir FH | Inflows to Evaporation | Storage at the | Spills Storage
the rule the fevel {m, discharge reservoir loss (MCM) | end of the day (MCM} after
level | heginning of | MSL) (MCM) (MOCM) before spills spills
(MCM) | theday (ZFHSH4H6) {MOCMD
| | (e [ MCM)

| i 2 3 4 5 7 8 9
| 03-07-2018 864.25 36425 16115 | 0.73 7.7 | 2.00 §7139 5.73 865.66
04-07-2018 _865.66 B65.66 161.20 | 0.75 5.83 0.04 R70.70 3.62 867.08
| 05-07-2018 867.08 867.08 16175 061 | 403 | 0.06 870.44 1.95 868.45
[ 06-07-2018 868.49 86849 | 16130 120 | 374 | 0.2 871.0L L10 869.90
07-07-2018 869.90 869.90 161.35 | 1.63 421 | .06 47242 1.10 B7L.32
08-07-2018 §71.32 87132 16140 | 126 | 672 | 000 876.78 4.05 872.73
09-07-2018 87273 87273 16145 | 029 949 | 0.00 881.93 7.78 874.15
10-07-2018 874.15 874.15 161.50 | 0.29 | 1745 | 0.00 89131 16.45 874.86
| 11-07-2018 R74.86 874.86 161.53 | 0.45 | 39.76 | 0.00 914.18 38.61 875.56
12-07-201% . %75.56 875.56 16155 [ 035 29.87 | 0.0¢ 905.08 28.81 876.27
13-07-2018 876.27 §76.27 6lss | 056 ] 2140 [ .00 897.12 20.14 §76.9%
14-07-2018 | 876,98 $76.98 | 16160 | 0.53 | 28.63 | 002 905.06 27.38 87769
[ 15-07-2018 877.69 877.69 | 161.63 0.34 27.81 | 0.00 905.16 26.77 878.39
| 16-07-2018 878.39 87839 | 16165 | 0.42 | 4034 | 000 91831 39.2( %7910
17-07-2018 8790 | 8790 | 161.68 | 0.8 3763 100 $16.55 36.74 879,81
18-07-2018 879.81 | §79.31 161.70 | 0.61 | 12.61 0.00 911.21 30.69 B80.52
[19-07-2018 880.52 §80.52 161.73 0.49 28.81 | 0.06 908.78 27.55 881.23
[ 20-07-201% 881.23 88123 161.75 682 | 2434 | 0.00 904.75 21.58 §83.17
| 21-07-201% 883.17 B43.17 161.82 1.64 | 24.18 | 0.03 905,68 20.56 §45.11
[ 22-07-2018 885.11 585.11 161.89 0.9% 19.46 | 0.08 903.51 16.45 §87.05
[ 23-07-201% 887.05 8X7.05 161.95 | 230 | 1541 | 0.00 90016 17 §89.00
[ 24-07-2018 889.00 889.00 162,02 | 402 23.14 | 0.0 908.12 17.18 890.94
[ 25-07-201% [ 89094 890.94 162.09 | 490 | 39.95 | 0.00 925.99 33.11 §92.88
[ 26-07-2018 | 89288 892.88 162.16 5.93 21458 | 0.00 90844 13.61 894.83
[ 27-07-2018 §94.83 | §94.83 162.23 576 19.60 | 0.02 908.65 11.58 §96.77
28-07-2018 896.77 | 896.77 162,30 5.19 1242 0.03 903.97 5.26 898.71
29072018 898,71 | 98,71 | 162.36 5.84 | 16.78 0.00 909.66 9.00 900.66
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Appendives

Day Storage for | Storage at Keservoir PR Inflows io Evaporation | Storage at the | Spills | Storage ‘
the rule the level (m, discharge | reservoir loss (M{'M) | end of the day | (MCM) | after
level beginning of | MSL) (MCM) | (MCM) before spills spitls
(MCM) the day 3 | 2IHSHA)H6) (MCM) |
(MCM) | (MCM)
1 2 | 3 4 K & 7 8 b
30-07-2018 900.66 | 900 .66 16243 5.73 13.83 0.03 908.72 6.12 90260
31-07-2018 902.60 | 902.60 162.50 5.84 19.56 H.00 916.72 12.69 904.03
01-08-2018 904.63 304.03 162.55 5.81 10.74 0.02 90K 94 348 905 46
02-08-2018 905.46 905.46 162.60 5.82 9.03 0.03 908.64 175 906.89
03-08-2018 906.89 906,89 162.65 5.81 9.62 0.05 910.65 2.33 908,32
04-08-201% 908.32 90%.32 162.70 5m 761 0.11 910.05 030 909.75
05-08-2018 909.75 909.75 162.75 5.77 672 0.08 910.62 000 910.62
06-08-2018 91118 9162 162.78 578 783 0.03 912.64 0.03 912.61
07-08-2018 912.61 912.61 162.85 577 19.07 0.00 925.91 11.87 914.04
O8-08-2018 914.04 914.04 162.90 5.71 61.93 D00 970.27 S4.80 915.47
09-08-201% 215.47 315.47 162.95 S.67 46.37 0.00 956,18 39.28 916.90
10-08-2018 91690 91690 163.00 ) 507 33.92 0.00 94515 26.82 918.33
11-08-2018 91833 918.33 163.05 B 5.69 17.28 0.00 929.92 10.16 919.76
12-08-2018 919.76 919.76 16310 S.69 31.81 007 94580 2461 921.19|
| 13-08-201% 921.19 92119 16315 547 3708 (.00 95280 30.18 922 62|
14-08-2018 922.62 922.62 163.20 5.40 62.96 0.00 980.18 56.13 924.05 |
;ﬂ-ﬂ B-2018 Y2445 92405 163.25 1.96 100.59 0.00 1022.68 97.20 925.4%8
| 16-08-2018 92548 925 48 163.30 000 8697 0.00 | 1012.45 85.54 92691
| 17-08-2018 492691 92691 16335 000 3247 0.00 | 979.58 | 5124 92834
18-08-201% 028.34 928.34 163.40 0.00 34.81 0.00 ] 963.15 | 33.3% 929.77}
19-08-2018 929.77 929.77 163 45 0.01 28.17 0.00 957.02 | 26.72 93!.20{
20-08-2018 931.20 931.20 163.50 391 2194 0.00 | 94923 | 16.73 932.50 |
21-08-2018 932.50 932.50 163 55 445 15.16 0.00 943.17 9.37 933.80 |
22-08-2018 93380 933 80 163.59 5.82 12.41 0.03 940.36 5.26 935.10 |
23-08-2018 935.10 935.10 163.64 5.26 10.39 0.00 | 940.23 3183 936.40
24-08-2018 936.40 | 936,40 163 68 493 8.57 004 | 940.01 | 231 937.70|
25-08-201K 937.70 | 937.70 16373 570 6.89 0.06 | Y3843 | 0.00 93883 |
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Performance Audit of ‘Preparedness and response {o floods in Kerala’

Duy Storage for | Storage at Reservoir | PH | Inflows to | Evaporation | Storage at the | Spills Storage
the rule the level (m, | discharge | reservoir | Joss (MCM) | end of theday | (MCM) after
level beginning of = MSL} {MCM) | MO before spills spills
[MCM) | the day - : (ZYHSHAME) MCM)
(MCM) | (MCM)

1 2 | 3 4 s . 6 7 9
26-08-2018 939.00 938 83 | 163.77 | 577 714 0.04 940.17 | 000 940.17|
| 27-08-2018 940,30 940.17 163 51 5.77 | 7.57 0.06 941.90 0.30 941.60 |
25-08-2018 941.60 941 60 163 86 572 | 743 0.02 943.29 0.39 942,90 |
29.08-201% 942 90 942 90 16391 ss4] 711 005 944 12 000 944.12 |
30-08-2018 944,20 94412 163.95 5.55 5 30 0.03 944.05 0.00 944,05 |
| 31-08-2018 [ 945 50 944 05 16395 5.84 671 o002 944 90 0.0 944.90
01-09-2018 948.38 944,90 163.95 5.85 671 001 945.75 0.00 945.75 |
| 02-09-2013 951.26 9.45.75 164.01 5.84 6.42 0.06 946.27 0.00 946.27
[ 03-09-2018 954,14 946,77 164403 5.4 6.4 0.05 246,79 0.00 946.79
04-09-2018 957.02 946.79 164.04 5.87 587 0.08 94671 000| 94671
05-09-2018 959,90 946.71 164.04 5.88 5.88 0.05 946.66 0.00 946,60
[ 06-09-201% 962.7% 946 66 164.04 9 5.64 0.14 946 24 0.00 946,24
07-09-2018 [ 965.66 946.24 164.03 5.99 s oo 945 87 0.00 94587
08-09-2018 968,54 945 87 163,01 6.01 576 | 0.06 945 55 0.00 94555 |
09-09-2018 97142 945 55 164 08 6 0i 6.19 009 945 64 0.00 945 64 |
10-09-2018 974.30 | 945 .64 16400 5.99 1 _4.54 01l 94408 0.00 t4\4\"||.I]!'|.‘i
11-09-2018 [ 977.1% 944,08 | 163.95 | 600 000 0.11 | 937.98 0.00 937.98
[2-09-201% | 9R0.06 | 937.9% | 163.74 600 153 009 | 933432 0.00 93342
13-08-2018 | 982.94 933.42 | 163,58 6.00 | 098 | 011 92829 0.00 92829
| 14-09-2013 98582 92829 | 163 40 5.36 093 0.14 923.73 0.00 923.73
15-09-2018 988.70 923 73 | 16324 594 114 0.05 9% 88 0.00 51858
| 16-09-2018 991,58 918 38 163.07 5.55 0.79 | 0.09 914.04 0.00 914.04
[ 17-09-2018 994 46 914 04 162.90 | 5.46 095 | 0.05 909,48 | 0.00 909 48
| i8-09-201% 997,34 909.48 167.74 | 5.75 184 | 0.05 90551 | 0.00 905.51
19-09-201% 1000.22 90551 162.60 545 | 0,00 0.04 900.03 0.00 900.03
20-09-2018 1003.10 900.03 16241 T asy| 143 0.02 89691 0.00 896.91
21-09-2018 1003.96 89691 16230 | 543 | 0.10 0.05 891.54 0.00 891.54
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Appendices

i lﬁ; ) I Storage for | FloTage At | Reservoir | PH Inflows 1o vaponlion' Storage at the S];ills T hlnng;_ ]
the rule | the Jevel (m, discharge reservoir loss (MCM) | end of the duy | (MCM) ufter
Tevel | beginning of | MSL) (MCM) (MCM) before spills [ spills
MCM) | the day | QHIHA6) (MCM)
(MCM) N (MECM) 1
[ 2 R 4 5 | 7 8 9
| 2209-2018 100453 89154 6211 ses 063 | 0.07 886.44 0.00 §86.44
| 23-09-201% 1005.69 | HE6H 44 161.93 5.89 1.18 0,10 881,63 0.00 §81.63
[ 24-09-201% 100656 881 63 16176 467 | 281 | 010 §79.67 000 | %7967
125-09-2018 | 1007.42] 879.67 16169 | 5.89 3.09 | 000 87687 0 87687
L26-09-2008 | 100828 876.87 16160 | 538 | 0.65 | 0.03 872,11 000 | s7211
| 27-09-2018 1009.15 87211 | 16143 $94| 126 .08 86735 000 | 86735
28-09-2018 1010.01 867.35 | 161.26 | 5.70 073 0.7 86231 | 000 86231
20-09-2018 1010.88 862.31 | 16108 | 568 | 242 ] 0.10 858.95 000 | 5895

(Source: HSc, Ba_m;alnre s Report on Kerala Flopds 2015)
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