ANNEXURE-A: EARLY WARNING SYSTEM (EWS) 
SCOPE OF WORK, SUPPLY AND SERVICES:

As part of NTPC’s bid to procure, install and commission a comprehensive Early Warning System for monitoring the catchment area of Tapovan Vishnugad Hydro Power Project, NTPC, invites an Expression of Interest from all interested bidders from India and Abroad. The Bidder’s  scope shall include survey, planning & design of the system, supply & installation of instruments, equipments, hardware & software design, engineering, material procurement, fabrication, programming, testing, packing, unloading, storage, shipping, erection, installation, commissioning, integration and site acceptance testing with all related services in accordance with the requirement of specifications so as to provide a lead time of minimum 60 minutes. This information is indicative, and vendor may propose the technologies and methodologies which meets the requirements and intent of the subject work.

The Early Warning System envisaged in this Expression of Interest shall cater to the following activities and constituents, broadly. 

	Sr. No.
	Activities
	Brief Description

	1
	Identification
	1. Delineation of catchment area of TVHPP (3100 sq.km)
2. Vulnerability / Susceptibility Mapping of Catchment area of TVHEP for Avalanches and Landslides.
3. Mapping of Glacial Lakes / Water bodies and creation of an inventory for the same.
4. Identification & Creation of Micro-catchment areas. 
5. Identification of locations suitable for installation of AWS, Geotechnical and Geodetic Instruments, G&D stations, Rain gauges, snow gauges, seismic sensors etc.
6. Identification of Geo-morphology of the vulnerable areas.
7. Any other item not covered above but required for the system.

	2
	Data Aggregation & Monitoring
	1. Installation and Commissioning of Geotechnical and Geodetic sensors for monitoring GLOF, LLOF, Avalanche, Landslides, subsidence, rockfall, debris flow etc.
2. Monitoring of Snowmelt and Glacial melt.
3. Monitoring of rivers and streams for level, velocity, and discharge. 
4. Monitoring of meteorological parameters in the catchment i.e. atmospheric pressure, temperature, wind velocity, precipitation, snowfall, seismic activities etc. 
5. GIS and Image based monitoring and analysis of upstream catchment area using Geographic Information System, CCTV, Thermal Cameras & Infrared cameras.
6. Monitoring of Earthquake.
7. Any other requirement for the system

	3
	Collaboration
	Bidder may collaborate with various agencies for obtaining data required for the system. 

	4
	Analysis and Modelling
	1. Preparation of a Digital Elevation Model of the catchment area.
2. Forecasting of Rainfall
3. Forecasting of Cloud burst, Nowcast events
4. Nowcasts of meteorological events
5. Hydrological modelling including river water run off model and Flood Forecast and Geo-morphology of the area.
6. Geospatial modelling along with Computer Vision
7. Bathymetric studies
8. Prediction of Avalanches & Landslides in vulnerable zones
9. Predictions of impending GLOF / LLOF from the glacial and landslide lakes being monitored.
10. Prediction of subsidence and assessment of constant change in topography for hazards if any.
11. Analysis and processing of inputs from various central agencies for Rainfall, Cloud burst, Nowcasts, GLOF, LLOF, Avalanche etc.
12. Disaster prediction model based on cumulative inputs from all sensors, transducers, satellite imagery, UAV imagery, inputs from various etc.
13. Software pipeline shall support constant upgrade and updation in the envisaged models. 
14. Any other modelling required for the system. 

	5
	Installation and Commissioning of an Integrated Command and Control Center
	1. All hardware and software including Servers, Storage, Network Components, Systems software, Application Software including core C&C software, GIS software etc. and required plug ins for seamless interface with other modelling softwares.
2. Adequate provision for redundancy, data de-centralization and Cybersecurity has to be ensured.

	6
	Installation and Commissioning of Unified Mass Communication for Alarm Dissemination
	1. Last mile connectivity solutions would include all components for stable and reliable connectivity of all downstream equipments like hooters, sirens, panic buttons, alarm broadcasting equipments.   

	7
	Establishing stable Power supply and Communication Infrastructure in the upstream of Hydro Power Project
	1. VSAT / INSAT, Point – to – point communication network and GSM / GPRS based communication for entire catchment area.
2. Power supply based on Hybrid solar photovoltaic technology, DMFC – Direct Methanol Fuel Cell, Grid based power supply to be envisaged.





1. SCOPE OF WORK:
1.1 Identification: In order to install and commission a Comprehensive Early Warning System, the requirement of identifying what to monitor and where to monitor in a vast catchment area is of paramount importance. Therefore, the first job will be to delineate the catchment area and identify the physical boundaries for monitoring. After delineating, suitable methodology is to be adopted for preparing susceptibility maps or vulnerability maps of the area to identify potentially dangerous topographies and locations which desire serious attention and monitoring. Further all glacial and water bodies need to be accounted for in this catchment and are required to be mapped in the DEM (Digital Elevation Model). This job may become easy if the catchment area is divided into micro-catchments. Next, we need to identify locations for installing geotechnical and geodetic sensors, data acquisition equipments, AWS and G&D stations so that the vulnerable areas can be monitored continuously for an early identification of any impending disaster to TVHEP (Tapovan – Vishnugad Hydro Electric Project).    
1.2 Data Aggregation & Monitoring: The monitoring task would basically include monitoring of geological / meteorological events like GLOF (Glacial Lake Outburst Flood), LLOF (Landslide Lake Outburst Flood), Glacial and Landslide Lakes, Snow melt and Glacial Melt, flash floods, heavy precipitation during cloud bursts, water level and velocity of streams and rivers, Avalanche, Landslides, subsidence, rockfall, debris flow, discharge, seismic activities in the region and changing topology and terrain. For performing the above monitoring tasks many different meteorological parameters like atmospheric pressure, temperature, wind velocity, precipitation and snowfall may be required to be measured at suitable locations through AWS, G&D stations, and other observatories. 
Geotechnical sensors which may be required to be installed include Extensometer, piezometers, inclinometers / tiltmeters, strain sensors, thermometers, barometers, seismic sensors. Further, Autonomous UAV based aerial imagery, Terrestrial LiDAR survey (TLS) and spatial data obtained through Radar and Lidar payloads can prove to be very useful in monitoring locations which are far flung and inaccessible. Self-sustainable IIoT based geotechnical sensors can be installed for measuring many physical parameters like level, pressure, velocity, discharge flow etc. of lakes, rivers and streams. Pressure sensors and echosounders come in handy for measuring changing water levels and depths of lakes, respectively and radar type level transmitters and surface velocity transmitters are to be mounted across the rivers to measure level and flow / discharge. For monitoring of Seismic activities, a network of seismological observatories is to be established with Broad Band Seismographs and Accelerographs.
Satellite based monitoring of upstream catchment area is another important monitoring technique as satellite imagery is very effective for monitoring major natural disasters, both before and after an event. Remote sensing satellites offer the benefit of collecting imagery from space over large geographic areas, without engaging people on the ground. There are many factors to consider, including resolution, spectral bands, and temporal frequency. A combination of imagery, such as SAR, SWIR, and natural colour (called RGB after the red-green-blue visible bands), collected before, during, and after an event and viewed with layers of GIS data provides the most complete picture. Remote sensing and space technologies can play a key role in assessing the flash flood like Glacial lake outburst flood (GLOF), Landslide lake outburst flood (LLOF), related risks and hazards and can prove to be a  very source of input for Comprehensive Early Warning System. Subsidence Monitoring of the Earth's surface in the catchment area will be required which can be achieved using these remote sensing satellites.
The GIS system can superimpose the GIS layers of the delineated upstream catchment area on the HMI of the Command and Control system and can provide a complete view of facilities, sensors and alarms in an easy to use and intuitive GIS enabled graphical interface with a powerful workflow and business logic engine. 2D GIS system should be able to use satellite imagery / aerial photography with high pixel resolution. It should be able to handle images from radar satellites and identify displacement for monitoring and analysis over time2D GIS should provide various preconfigured, predefined business intelligence widgets, analytic dashboards in 2D map as out of the box features like Pie Chart, Row Chart, Line Chart, Text Chart, Data Table, Heat Map, Temporal Heat Map, Time Bar Chart etc.
Radar and LiDAR based monitoring is envisaged for predicting the behaviour of landslides, since monitoring through them can detect the slightest movements giving a fair enough idea when movements can become catastrophic for the stability of an overall structure. Real-time monitoring can provide prompt notification of activity, advance our understanding of landslide behaviour, and enable more effective engineering and planning efforts. Near-real-time monitoring of landslide-prone hillslopes can provide immediate notification of landslide activity, as well as high-quality data sets for understanding the initiation and movement of landslides. Similarly, avalanche radar can be used for automatic detection and tracking of avalanches. The radar can permanently scan the targeted slope for avalanche release. It can also track the avalanche's path and size. Integrated cameras can record videos of the event. A PTZ-camera (Pan-Tilt-Zoom) can be installed on the radar mast which together can observe the slope and automatically records the detected avalanches. Thermal cameras and Infrared imagers are also very useful and should be leveraged for monitoring. In the case of an alarm system, additional cameras are mounted in the areas at risk for automatic event recording and remote inspection at any time (e.g. after an avalanche).
1.3 Collaboration: It may not be possible to undertake monitoring of the entire catchment area through such diversified means by any single agency and hence it would be required to collaborate with various government and private entities. Some of the most significant government bodies are working in technologies suitable for Early Warning System for monitoring of GLOF, LLOF. Glacial Lakes, Landslides, Avalanche, Rainfall, Cloud burst, Nowcast, Earthquakes etc. These organizations can provide significant inputs as raw data and inferences / outcomes of models which can be useful for the proposed Comprehensive Early Warning System.
1.4 Analysis and Modelling: Processing of various inputs, correct analysis and accurate prediction of various impending events correctly is quintessential for a Comprehensive Early Warning System therefore we would require various types of forecasting / predictive models. As per our understanding the following models will be required for the project as a minimum namely, Digital Elevation Model, Flood forecast and Nowcasts. Given the increase in extreme weather events, climate change and topology, majority of the geographical events in the catchment area may lead to Floods and flash floods (GLOF/LLOF). Being able to model and predict locations that might be inundated and most impacted therefore becomes increasingly important. Risk and probabilities of different scenarios that are likely to be happen at a given lake need to be predicted using the meteorological parameters, Digital Elevation models (DEMs), Lake Area and volume, snow/glacier melt runoff from the catchments, morphometry of sub-catchments and hydro-dynamical modelling in the downstream of the probable location of lake burst or other suitable parameters.
Further, forecasting of rainfall, cloudburst, nowcast of meteorological events, hydrological and geo-morphological modelling, geo-spatial modelling with computer vision, River run off models along with bathymetric studies, Prediction of Avalanches & Landslides in vulnerable zones, Prediction of subsidence and analysis of constant change in topography and Modelling of discharge in micro-catchment areas and calculation of overall discharge may be required for a Comprehensive Early Warning System. This will require processing of the raw data from various types of sensors installed and inputs from other government and non-government agencies. Finally, an ensemble or consensus-based Disaster prediction model is required which will assess and analyze all other model outputs for generating a reliable Early Warning with minimum false positives.
1.5 Integrated Command and Control System: An Integrated Command and Control System, with adequate server, storage and network capacity is required to be installed and commissioned for processing these varied inputs and models for generating an early warning system. A disaster recovery centre in active, active mode of configuration is also required to be installed at an appropriate location. The Command and Control Centre shall provide a comprehensive system for planning, optimizing resources and response. The system shall thus be an “end to end” solution for a full proof and robust Early Warning System. ICCC will have Command and Control (C&C) software which will collect and visualize events from transducers and information systems (video, images, analytics, networks etc.) to empower control centre personnel to identify and proactively issue warnings. 
The bidder shall ensure seamless integration of C&C with Geographical Information System (GIS) based 2D map application. The GIS shall enable dynamic view of the location and status of resources and objects / sensors. It shall be possible to access ICCC HMI via mobiles and tablets. ICCC shall be interfaced with Unified Mass Alert Notification System which is a centrally controlled mass alert dissemination platform to dispatch alerts through all possible communication mediums simultaneously to warn the affected community or citizen.
1.6 Mass Communication for Warning dissemination 
The bidder shall provide state of art, highly reliable Last Mile Connectivity solution for disseminating early warning and disaster management and relief measures in shortest possible time. Last Mile Connectivity will be achieved by equipping different Technologies viz. Digital Mobile Radio (DMR), Satellite Phones, Mass Messaging, Alert Tower Siren Systems, and deployment of Universal communication Interface etc. at strategic locations in the Hydro power project.
The DMR can be interfaced for secure communications as well as interface with sirens and trigger them to sound alarms. Satellite Network will be able to establish a broadband connection from a remote site to establish instant access to State and District level officials through Voice, Data and Video.
Media Gateway is proposed to establish inter-technology communication between the available technologies which are not damaged by the disaster.

1.7 Establishing stable Power supply and Communication Infrastructure in upstream of Hydro Power Projects
Very stable and reliable Power supply and Communication Infrastructure is required to be established in the upstream of the project. Power supply system for sensors / instruments mounted for monitoring the upstream is proposed to be fed from solar energy source along with battery storage. Provision is required to be kept in Power supply system to accept 230 V AC, however electricity supply at various locations is not available. The designed system will be self-sufficient and will have adequate backup to continuously feed power to the sensors and communication equipment’s (VSAT & GSM / GPRS) under all circumstances.
Similarly, highly reliable communication networks are essential for transmitting data from various sensor stations to the command and control center. Possible communication systems for this purpose are as follows:
a. VSAT (Very Small Aperture Terminal) Network: It works on Geostationary Satellites and employ microwave frequencies between 3.5 and 6.5GHz (C & XC bands) and between 10.5 and 14.5GHz (Ku-band). A VSAT station is made of two separate sets of equipment’s, viz. the outdoor unit (ODU) and the indoor unit (IDU). The outdoor unit is the VSAT interface to the satellite, while the indoor unit is the interface to the customer’s terminals or local area network (LAN). 
b. Point to Point Network: Terrestrial communication through a point to point network can be established through RF (Radio Frequency) based network on VHF / UBR / NBR. RF based networks can be on the licensed or unlicensed band. This will be an independent and dedicated network which requires installation of a large no. of towers of various heights for installing radio sets and repeaters to achieve line of sight. Establishing a private LTE network for communication from different sensor stations is also to be assessed.
c. Mobile Network (GSM / GPRS): In this system data is transmitted using mobile phone links with General Switched Messaging (GSM) and General Packet Radio System (GPRS) protocols. This is useful for long-distance communication. This system gives access to the internet through an Internet Service Provider (ISP). However, in upper catchment existing GSM/GPRS network may not be reliable enough or may not exist at all. Accordingly, necessary augmentation and strengthening of network infrastructure may be required. 
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