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India has taken significant steps toward offshore wind
energy deployment as part of its broader energy transition strategy.
Government initiatives led by the Ministry of New and Renewable
Energy (MNRE), including the Viability Gap Funding (VGF)
mechanism and offshore wind leasing programs, have identified the
continental shelves off Gujarat and Tamil Nadu as priority zones for
early projects (MNRE, 2024). These areas collectively host several
tens of gigawatts of estimated offshore wind potential and are
expected to support pilot and commercial-scale developments over
the coming decade.

Unlike onshore wind projects, offshore wind farms are
exposed to complex seabed and sub-seabed processes that may
compromise foundations, inter-array and export cables, and
operational safety. Indian continental margins exhibit evidence of
submarine landslides, active seismic sources capable of generating
tsunamis, weak Holocene sediments prone to liquefaction, and
dynamic sediment transport systems driven by monsoon-influenced
currents (Bijesh et al., 2022; Prizomwala, 2022; INCOIS, 2025).
For early-stage projects supported by public funding, inadequate
geohazard assessment can result in cost escalation, insurance
challenges and long-term operational risk.

This paper proposes a pragmatic, staged framework for
submarine geohazard screening and spatial evaluation suitable for
offshore wind farm planning along India's western and eastern
margins. The framework emphasizes early hazard identification,
proportional escalation of investigations, and direct linkage
between hazard assessment, design decisions and regulatory
compliance.

Submarine Geohazard Setting of the Indian Offshore Region

The Indian continental margins display a diverse range of
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geological and oceanographic conditions relevant to offshore wind
development. Along the western margin, the relatively wide
continental shelf off Gujarat transitions into steeper slopes toward
the Arabian Sea basin. Geophysical studies have documented large-
scale submarine landslides and slide scars, including the Cochin
offshore slide system, indicating potential for mass movement and
turbidity current activity (Bijesh ef al., 2022; Zhang and Wang,
2025). Although such features are often located beyond shallow
shelf areas, export cable routes and deeper foundations may
intersect zones of instability.

Seismic and tsunami hazards also require consideration.
The Makran subduction zone in the Arabian Sea and the
Andaman—Sumatra subduction system in the eastern Indian Ocean
is both capable of generating tsunamis that may impact Indian
coastlines (Prizomwala, 2022; Rashidi et al, 2025). While
recurrence intervals for major tsunamigenic events are long,
offshore wind infrastructure is designed for multi-decadal
lifespans, necessitating inclusion of low-probability, high-impact
scenarios inrisk assessments.

On the eastern margin, the Bay of Bengal shelf off Tamil
Nadu is influenced by large sediment fluxes, seasonal monsoon-
driven currents and relict sedimentary structures. Thick
accumulations of fine-grained Holocene sediments may exhibit low
shear strength and susceptibility to cyclic degradation or
liquefaction under seismic or hydrodynamic loading. Seabed scour
around foundations and cable exposure due to sediment mobility
are additional concerns in both regions (Duguid, 2017).

Principles of Staged Geohazard Screening

Effective geohazard assessment for offshore wind projects
should follow a staged, risk-proportionate approach. Early

https://doi.org/10.56153/g19088-025-0286-107



JGSR, Vol. 11, No.2, July 2026

screening using existing datasets allows identification of potentially
hazardous zones before committing to costly site investigations.
Subsequent stages increase data resolution and analytical
complexity only where residual risk remains significant. This
approach is consistent with international offshore wind practice and
supports efficient use of resources during project development (Sun
etal., 2025).

Key principles underlying the proposed framework include:
(i) early identification of hazard-prone corridors, particularly for
export cables; (ii) consideration of cascading hazard chains, such as
earthquake-triggered landslides leading to turbidity currents; (iii)
integration of geological, geotechnical and oceanographic data; and
(iv) alignment of technical outputs with regulatory, insurance and
funding requirements relevant to VGF-supported projects.

Proposed Framework for Geohazard Evaluation

Stage 1: Desk-based Screening

The first stage involves compilation and interpretation of
existing regional datasets. These typically include bathymetry,
publicly available sub-bottom or seismic profiles, earthquake
catalogs, tsunami source models and regional sedimentological
information. Key screening indicators include seabed slope
gradients, proximity to mapped landslide scars or canyon heads,
sediment thickness, and exposure to known tsunamigenic sources.
The outcome is a preliminary hazard zoning map categorizing areas
as low, moderate or high concern (Scacchia et al., 2025).

Stage 2: Focused Site Investigation

Areas identified as moderate to high concern progress to
targeted field investigations. High-resolution multibeam
bathymetry and sub-bottom profiling are essential to detect subtle
seabed features, shallow weak layers and gas-charged sediments.
Cone penetration tests and sediment coring provide quantitative
geotechnical parameters for foundation and cable design. Where
sediment dynamics are important, current and wave measurements
over representative seasonal cycles support scour and mobility
assessments (Duguid, 2017).

Stage 3: Hazard and Risk Modelling

Atthis stage, process-based modelling is applied to quantify
hazard likelihood and consequences (Varela et al., 2025). Slope
stability analyses evaluate the potential for submarine landslides
under static and seismic loading, while tsunami simulations assess
wave generation and propagation from credible earthquake or
landslide sources (INCOIS, 2025). Scour depth estimation and
liquefaction analyses inform foundation and cable design. Results
are integrated into risk metrics that support engineering decisions
and insurer evaluations.

Stage 4: Design, Mitigation and Monitoring

The final stage translates hazard assessments into practical
design and operational measures. These may include selection of
appropriate foundation types, scour protection systems, optimized
cable routing and burial depths, and installation of monitoring
systems for seabed movement or seismic activity. Integration with
national monitoring and early warning systems, such as those
operated by INCOIS, enhances operational resilience and
emergency preparedness.
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Application to Indian Offshore Wind Zones

For Gujarat, the framework highlights the importance of
early desk-based identification of shelf-edge instabilities and
dynamic sediment zones along potential cable corridors. Focused
investigations can then prioritize stable shelf areas for foundations
while routing export cables away from submarine channels. On the
Tamil Nadu margin, emphasis is placed on understanding seasonal
sediment transport and the geotechnical behaviour of fine-grained
shelf sediments. In both regions, staged evaluation reduces
uncertainty and supports cost-effective design.

Policy and Financing Relevance

The VGF mechanism aims to reduce financial barriers for
early offshore wind projects, but its effectiveness depends on robust
technical due diligence. Incorporating staged geohazard screening
into eligibility and permitting requirements can help ensure that
publicly supported projects are sited in geologically suitable areas.
Clear documentation of hazard assessments and mitigation
measures also facilitates engagement with insurers and lenders,
improving project bankability.

Conclusions

Offshore wind development along India's western and
eastern margins presents both significant opportunities and notable
geohazard challenges. The staged framework outlined here
provides a practical approach to identifying, evaluating and
mitigating submarine geohazards in a manner proportionate to
project risk and aligned with national policy objectives. Early desk-
based screening, followed by targeted investigations and modelling
where necessary, can substantially reduce uncertainty and long-
term operational risk. Adoption of such frameworks will enhance
the resilience and sustainability of India's emerging offshore wind
sector.
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The development of a country is mainly dependent on the
energy security. The main energy sources are mostly conventional
energy sources contributing to greenhouse gases leading to global
warming. The important Fossil fuels are i) Coal, ii) Petroleum, iii)
Natural Gas and iv) Coal Bed Methane, besides this the alternate
energy sources like biodiesel and biomass contributed marginally.
The climate change perspective required to control the global
warming required use of non- conventional, non-polluting sources
of energy like 1) Hydropower, ii) Nuclear, iii) Wind, iv) Solar and v)
Tidal. The largescale installation of these energy sources revealed
that these sources are mostly site specific and have particular time
window for production. Considering the use of fossil fuels to net
zero by the year 2070 (www.investindia), new technology sources
like Hydrogen Cells, Electric Vehicles and Hydrogen vehicles have
been introduced to substitute the petroleum-based transport system.
Similarly, the geothermal energy is also being encouraged to replace
the conventional energy sources. Geothermal energy is the heat
stored inside the interior of the earth. Geothermal energy is a new
and alternate, continuous and site-specific source of energy. The
heat is stored in deep seated rocks which is brought to surface by the
deep circulation of water. Geothermal energy is a renewable and
environment friendly energy source as there is no burning of the
fuel.

Geothermal Manifestations

A geothermal area is characterized by following
manifestations 1. Hot water springs (Fig. 1), 2. Steam emission or
Fumaroles, 3. Marshy land, 4. Mud pools, 5. Deposition of silica,
sulphur, arsenic, borax, calcite on surface and 6. Local subsidence.

Geothermal resources are categorized as- 1) Single phase-A
field where only hot water or only steam is found, ii) Two Phase —In
two phase flow hot water mixed with steam is found in the reservoir,
iii) Dry phase- Hot dry rock where no fluid or steam is found as the
rock is hard and compact. The rock is hot but the heat is not
transferred to surface by water or steam, iv) Enhanced geothermal
system- A hot rock system which is used for production by
artificial fracturing for hot water production and v) Advanced
geothermal system- In this system, a deep borehole is used to flush
out heat /geothermal energy by deep circulation of water which
collects heat and pumped to surface for power generation. This
method can be used in old, unproductive oil boreholes if
temperature in the boreholes is satisfactory. The main utilization
methods are i) Steam based power plant, ii) Binary cycle power
plant, iii) Greenhouse cultivation, iv) Refrigeration, cold storage, v)
aquaculture, vi) Tourism and Bath centers, vii) Food processing,
viii) Space heating etc.

(Received: 10 May 2026; Accepted.: 10 June 2026)

Geothermal energy is considered as an Environmentally
friendly energy as the CO2eq emission is about 45 to 65 g/Kwh
(IPCC). The hot water contains boron, Arsenic, Fluorine, which
need to be monitored to avoid adverse effect on production. A
deposition of silica, calcite, arsenic compound, sulphur is reported
generally around hot springs and borehole vents. Hot water may
contain dissolved sulphur, borax, Cs, Li, which can be separated as a
byproduct during production. The hot springs / geothermal
boreholes generally show emission of CO,, SO,, NO,, NH,, H,, N,,
He, Ar, gases, which need to be studies before production planning.
The other main irritant is continuous noise produced by steam
emission/ production. Sometimes, there can be marshy ground,
local subsidence due to pressure changes in underground caused by
water movement. Besides this, during drilling, there is possibility
of caving in the boreholes, steam emission and water flow during
drilling operation. The drilling site is generally restored to normal to
avoid environmental damage.

Geothermal resources can be utilized for electricity
generation as well as direct heat uses, depending on the local
geology, geography, economic conditions and discharge
parameters. The utilization of heat content to various industrial
application is called as direct heat uses. The electricity generation is

Fig. 1. a. Hot-spring at Chumathang, Ladakh; b. Sprout of borehole at Chuma-
thang, Ladakh

https://doi.org/10.56153/g19088-026-0306-113




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


