
  
 11th ESRI India User Conference 2010                                  

                   

Page 1 of 8 
 

NeerUrja - Geospatial Gateway for Potential Hydropower 
Sites 3D Visualization 

D. Giri Babu, Kamal Pandey, John Mathew, Pramod Kumar, K.P Sharma 
 Scientist/Engineer, RRSC-N, NRSC, ISRO 

RRSC-N (formerly RRSSC-Dehradun), NRSC, ISRO, 4, Kalidas Road, Dehradun 248001 
 
 

Abstract: 
 
Hydropower is a renewable and clean energy 
option primarily dependent on perennial inflow 
and sufficient topographic head. Geology and 
environmental characteristics are also crucial in 
determining its viability. Often, these schemes 
are situated in difficult terrain which restricts 
its characteristics evaluation through 
conventional means. Utility of Geospatial 
techniques have been aptly illustrated in recent 
times for hydropower sites assessment 
especially at pre-feasibility level. 
 
Representing hydropower schemes in a spatial 
domain along with its key spatial attributes 
(storage/ diversion and powerhouse location, 
HRC/HRT and penstock) in 3D perspective 
requires expertise in virtual GIS. ArcGIS 
Explorer, a free GIS viewer from ESRI provides 
gateway to explore, visualize and share geo-
spatial information. Present effort portrays 
customization in ArcGIS Explorer 900 using 
SDK in .net framework in order to create an 
intuitive interface for 3D visualization of 
identified potential hydropower sites in 
Alaknanda and Bhagirathi river valleys of 
Uttrakhand, India. 
 
ArcGIS Explorer adds value to authoritative 
Geospatial data like elevation, high-resolution 
satellite imagery and allied vector database. 
NeerUrja, a customized Geospatial gateway for 
potential hydropower sites 3D visualization 
provides a virtual environment to analyze 
various components of a hydropower unit to 
understand its techno-economic feasibility at 
pre-feasibility level. 
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Introduction  
 
Hydroelectric power (HEP) schemes provide environment friendly option for sustainable utilization of 

readily available natural resources; the surface water. Development of hydropower in the country is 

important to attain the optimal ratio of power generated from hydro-thermal sources, which at present 

is underdeveloped in comparison to the assessed available potential. Uttrakhand with its abundant 

surface water resources have large hydropower potential and the Government has ambitious plan to 

harness the available potential to meet the growing demand for power. In addition to the large or mega 

power projects, there are a large number of identified small hydro-projects (SHP), in the state. RRSC-

North, Dehradun has carried out the present study for UIPC (JV between Govt. of Uttrakhand and 

IL&FS, New Delhi), wherein Cartosat-I stereo data and Geospatial techniques have been used for 

identifying and characterizing potential HEP sites at prefeasibility level in nine river valleys falling in the 

upper catchments of Alaknanda and Bhagirathi rivers of Uttrakhand. 
 
A potential HEP site is identified based on the favourable contribution from various parameters like 

elevation difference between the diversion and the power house (topographic ‘Head’), dependable 

stream discharge, stable geological disposition in terms of lithology, structure and valley slope, and 

also in terms of socio-economic and environmental aspects. The hydropower potential of such a site is 

a function of the discharge at that location and the available ‘Head’ generated due to the 

diversion/storage structure and/ or due to the transportation of the water from this site to an 

economically and technically feasible destination where the powerhouse is located.  Geospatial 

technologies comprising Remote Sensing, Global Positioning System (GPS) and Geographic Information 

System (GIS) provide a very useful set of tools for locating potential HEP sites, calculating some of the 

parameters relevant to the power generating potential of the identified HEP scheme and also for 

interpreting the characteristics of the sites with reference to the geological and environmental point of 

view.  
 
In the present study, the potential HEP sites have been identified and finalized through iterative 

analysis and interpretation of multiple data sources like Digital Elevation Model (DEM) and multispectral 

remote sensing data (IRS-P6 LISS-IV, LISS-III and AWiFS), coupled with inputs collected from 

reconnaissance field survey and ancillary data. The study involves DEM generation from Cartosat-1 

stereo data for identification of potential HEP sites and determination of their ‘head’; site 

characterization using remote sensing derived information (land use/ land cover, lithology, structure, 

existing landslides and topography) and estimation of probable discharge, power potential and water 

conduction path of the identified potential schemes. Cartosat-1 satellite stereo-pairs (12 scenes) have 

been triangulated in Digital Photogrammetry (DP) environment using 101 Ground Control Points 

(GCPs), collected using Differential Global Positioning System (DGPS) survey, to generate DEM which 

has been refined with the help of break-lines and additional mass points. The elevations at the 

diversion points and powerhouse locations have been measured using 3-D visualization under the 

digital stereo model. Discharge assessment at the prospective hydropower sites have been carried out 

using observed discharge data processed for 50% and 90% dependable year and upstream catchment 
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characteristics derived from remote sensing data in geo-spatial environment. The site 

characteristics evaluation has been done using IRS-P6 LISS-IV multi-spectral data (13 scenes) and 

ancillary data to generate information on land use/ land cover, lithology and structure. The valley cross 

sections at the diversion points, longitudinal profiles along head race tunnels and the head race channel 

contours for water conduction have been derived from the digital elevation model. Existing landslide 

locations have also been mapped from the multispectral satellite data.  

68 prospective hydropower sites have been identified in the 9 river valleys of Alaknanda and Bhagirathi 

rivers, in the present study. The gross power potential capacity estimated for 68 sites is 408 MW 

approximately for 50% dependable year. The Head computed for these sites varies from 66m to 1242m 

and the power potential computed varies from 0.29 MW to 34.33 MW for 50% dependable year. The 

sites fall on geological formations belonging to the Lesser, Higher and Tethys Himalaya. Granitic 

Gneisses, Schists, Migmatites, Phyllites, Quartzites and Limestones are the dominant lithological units 

in the study area. The major geological structures are the Main Central Thrust, the Vaikrita Thrust, 

Baijnath Thrust, Niti Fault and Bhilangana Thrust. The various land use/ land cover categories are 

dense forest, open forest, scrub forest, alpine pasture and scrub, snow and glaciers. Sample sites 

verification was jointly carried out by RRSC-N; IL&FS, New Delhi and UIPC, Dehradun officials during 

the field visit. Various options between diversion and powerhouse locations have been worked out 

which may be useful during detailed investigation of prospective sites. Further detailed investigation of 

the identified sites is essential to understand the geotechnical characteristics, site-specific discharge 

measurements as well as socio-economic viability and environmental feasibility.   

Now at this prefeasibility level, there is a need to depict the identified potential HEP sites along with 

other Geospatial data. This paper portrays representing hydropower schemes in a spatial domain along 

with its key spatial attributes (storage/ diversion and powerhouse location, HRC/HRT and penstock) in 

3D perspective using ArcGIS Explorer. ArcGIS Explorer, a free GIS viewer from ESRI provides an easy 

way to view, present, and share GIS data. It connects directly to a variety of ready-to-use ArcGIS 

Online basemaps and layers and enables users to connect to their own map services or add local data. 

It can also be extended with a user's own tools to deliver geoprocessing and other capabilities to 

people who do not necessarily know anything about GIS. It is ideal for delivering GIS to everyone, not 

just GIS professionals. 

ArcGIS Explorer includes intuitive, high-performance visualization and presentation tools that let users 

make information visually compelling. It is engineered to work directly with maps and layers authored 

using ArcGIS Desktop and published via ArcGIS Server, or shared as layer packages, and makes 

integration of other data easy. 

This paper portrays customization in ArcGIS Explorer 900 using SDK in .net framework in order to 

create an intuitive interface for 3D visualization of identified potential hydropower sites in Alaknanda 

and Bhagirathi river valleys of Uttrakhand, India. 
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Study Area 
 
Uttrakhand falls between latitudes 28043’45” to 3108’10” N and longitudes 77035’5” E to 8102’25” E. 

Alaknanda and Bhagirathi are turbulent Himalayan Rivers and are the two major tributaries of River 

Ganga.  The present study has been carried out in Alaknanda and Bhagirathi River catchments. The 

Alaknanda emerges at the foot of the Satopanth and Bhagirath Kharak glaciers whereas the 

headwaters of the Bhagirathi are formed in the region of the Gangotri and Khatling glaciers in the 

Garhwal Himalaya in Uttrakhand. The Alaknanda River flows for approximately 230 km and the 

Bhagirathi River flows for about 700 km till their confluence point, Devprayag. The present study has 

been carried out in the valleys of Birahiganga, upper catchment of Nandakini (above Ghat), left and 

right bank of Dhauliganga (from Vishnu Prayag to Rishiganga confluence), upper catchment of 

Dhauliganga (above Rishiganga confluence), Kagbhusand, Khirganga, Kalpganga, Mena and upper 

catchment of Bhilangana (Ghuttu and above).  

 

Table 1. 

 Longitudes and Latitude of Study Areas 
S.No. Study Area Longitude Latitude 

1. Upper Catchment of Dhauliganga 79o 30’ – 79o 45’ 30o 25’ -30o 36’ 

2. Lower catchment of Dhauliganga 79o 45’ – 80o 00’ 30o 30’ -30o 43’  

3. Nandakini Above Ghat 79o 36’ – 79o 45’ 30o 10’ -30o 19’ 
4. Birahiganga Above Gohna Tal 79o 31’ - 79o 41’ 30o 19’ -30o 26’ 

5. Khirganga 79o 25’ - 79o 31’ 30o 38’ -30o 42’ 
6. Kagbhusand 79o 34’ - 79o 41’ 30o 35’ -30o 39’ 
7. Kalpganga 79o 24’ - 79o 31’ 30o 31’ -30o 36’ 

8. Mena 79o 20’ - 79o 27’ 30o 26’ -30o 36’ 

9. Bhagirathi/Bhilangana 78o 47’ - 78o 56’ 30o 31’ -30o 47’ 

 
The first eight watersheds lie in the Northern part of Chamoli District of Uttarakhand and form major 

tributaries of the Alakananda river, whereas the Bhilangana watershed lies in the North Eastern part of 

the Tehri Garwal district and it falls in the Bhagirathi catchment. The confluence points of all the eight 

valleys of Alakananda catchment to main Alakananda river are approachable from the Rishikesh-Mana 

National Highway. Further accessibility in the valleys is mostly through foot paths, except to a few 

kilometers by motorable road. The Kagbhusand valley is un-inhabited and unapproachable whereas 

Khirganga and Mena valleys are partially approachable through footpaths. The Dhauliganga valley is 

approachable to a large extent with national highway passing along its main river. 
 
Methodology: 

Prospective hydropower sites identification has been carried out using multidisciplinary information on 

drainage and watershed, terrain characteristics, geology (lithology and structure), land use/land cover 

(LULC), etc.  Probable yield at identified sites has been assessed based on hydrological analysis of 

historical data coupled with ancillary information on catchment characteristics. Through data 

integration techniques, prospective hydropower sites have been identified and their potential assessed.  
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The identification of potential sites for hydropower development requires integration of various 

parameters. The most critical factor in hydropower site suitability is scope for sufficient topographic 

head, which in combination with discharge can provide desirable (depending upon the requirements of 

the specific project and specific situations) power potential. Various spatial decision criteria were used 

to identify the site suitability and beyond the scope of this paper. 

The identified sites have to be studied in detail for economic feasibility and site-specific characteristics 

based on priority assigned. The overall methodology used in identifying the schemes is beyond the 

scope of this paper as this concentrates on customization of ArcGIS Explorer to depict the identified 

schemes in 3D domain. The potential HEP sites in the nine valleys have been identified based on 

integrated analysis of multiple data sources and field data. The sites are identified based on 

topographical, hydrological, geological and environmental suitability.   The topographic profiles drawn 

from Cartosat-1 DEM in transverse directions have been used to zero-in stable, ideal valley portions as 

diversion points and the DEM has also been used to trace the water conductor path from these sites 

providing optimum head in the shortest distance to locate suitable sites for the power house. In certain 

cases (wherever HRTs have been feasible), the longitudinal profiles have also been used for such 

optimization. The present study has utilized the 3D Photogrammetry model for estimating ‘head’ at 

identified potential schemes for hydropower generation. The geological appreciation of the selected 

sites has been done with the help of regional geological maps. The identified sites have also been 

validated during joint field expedition. 68 potential HEP sites have been identified in 9 valleys of 

Alaknanda and Bhagirathi River. 

Spatial depiction of identified potential hydropower schemes in ArcGIS Explorer 
 

 

 

 

 

 

 

 

Figure 1: ArcGIS Explorer customized interface and basemap of neerURJA 
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Figure 3: 
populating the 
grid with 
schemes 

ArcGIS Explorer's basemap gallery includes ready-to-use basemaps from ESRI and other 

sources, but can also add user created one. The basemap provides context or reference for the content 

that we add to the map. ESRI supplies several basemaps that we can change without affecting the 

map's additional content. Provisions exist to change the basemap by clicking Basemap in the Map 

group of the Home tab and selecting a basemap from the Basemap gallery. While the basemaps that 

ESRI supplies in the gallery may be appropriate for most of our work, in this study we require a 

basemap that's more specifically tailored to projects objective.  

There are two approaches to consider when creating own basemaps. One is that to use one of the 

existing basemaps and add own specific layers on top. The other approach is to build a completely new 

basemap from scratch. In this study we use the later approach to create the basemap. The same high 

resolution DEM that used to identify the hydropower schemes was used as elevation source and natural 

color composite obtained after fusing LISS IV MX and Orthoimage derived from Cartosat-1 data was 

used for texture data. Bluemarble data has been used in the basemap to cover remaining area that is 

not in the study area. 

ArcGIS Explorer includes a Software Developer Kit (SDK). 

The aim of the SDK is to support developers in using the 

ArcGIS Explorer Application Programming Interface (API) to 

build add-ins which plug into the ArcGIS Explorer 

application. An add-in can be used to add a wide variety of 

functions to the standard ArcGIS Explorer interface, as it 

can execute any custom code. We could use an add-in to 

retrieve data or images from the Internet or local system, 

query a remote database, perform a geoprocessing task on 

a remote server and extract information from the results, 

and so on. We can also use an add-in in order to interact 

with the other classes in the object model of ArcGIS 

Explorer; for example we can find out information about the 

existing layers and results, run other add-ins, add content 

to the map and search the features in local vector layers. 

 

ArcGIS Explorer 900 API provides four types of 'Add-Ins' as 

a means to extend the application: Buttons, DockWindows, 

Extensions, and Galleries. Each type of add-in class is 

implemented in .NET by deriving from an abstract class in 

the ESRI.ArcGISExplorer.Application namespace. The ArcGIS Explorer API 

relies upon the Microsoft .NET 2.0 Framework. The .NET Framework is integral to successful 

development and deployment of add-ins; Microsoft Visual Studio 2008 (a .NET development 

environment) is required to develop add-ins, and the .NET Framework must be installed on machines to 

which add-ins are deployed. The ArcGIS Explorer API supports all current editions of Microsoft Visual 

Figure 2: 
Customized 
DockWindow in 
ArcGIS Explorer 
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Studio 2008 (Express through to Enterprise), and two .NET languages (C# and VB.NET) are 

supported for add-in development. Using Microsoft Visual Studio 2008, and the ArcGIS Explorer API, 

add-ins can be developed. Once you have authored an add-in in Visual Studio, the add-in is compiled 

as a Dynamic Link Library (DLL) file and packaged into an Add-in file (.eaz). When you point ArcGIS 

Explorer at the add-in file, it recognizes the file as an add-in, and the add-in is available for use in 

ArcGIS Explorer using the ArcGIS Explorer Add-Ins dialog.  
 

In this customization of neerURJA, DockWindows ‘Add-Ins’ class has been selected to extent the 

interface. This interface consists list box to select the preferred study area (1 out of 9 valleys) as 

shown in the figure 2. On clicking the required study area the table will be populated with the identified 

potential hydropower schemes as shown in figure 3. An “on click event” based approach has been 

implemented to visualize the 3d perspective of the selected scheme on the tabular grid. Hence on 

clicking any scheme in the tabular grid, the image canvas in the ArcGIS Explorer will zoom to the 

extent of selected scheme as shown in figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
The customization further contains showing attribute information as shown in figure 5. Other vector 
layers like watershed boundary, contours, road network, Landuse map and Geological map can be 
visualized by clicking the checkbox adjacent to the concerned layer in the contents panel.

Figure 4: 3D perspective view of selected scheme 
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Figure 5: Hyperlinked attribute data of clicked scheme 

 

 

 

 

 

 

 

 

 

 

Conclusion: 

This study shows how well ESRI's free, downloadable software application lives up to that motto. The 

application includes a sleek new ribbon interface that lets you easily add content and basemaps, create 

presentations, and toggle between 2D and 3D map modes. These new tools and features made 

displaying, visualizing, analyzing, and sharing geographic content and capabilities easier than ever. By 

design, ArcGIS Explorer 900 is easy to use. It is intended for not just GIS professionals, but also for  

"GIS information users." Although GIS professionals who are used to doing more complex mapping 

tasks find innovative ways to use this application, ArcGIS Explorer increasingly fills a niche for these 

geographic information users. 

The current release of ArcGIS Explorer includes a host of enhancements to the API, creating new 
opportunities for custom task developers.  The custom task framework genuinely differentiates ArcGIS 
Explorer from other virtual globes, allowing users to plug in custom functionality directly into the main 
application. 
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