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STATUS OF MARINE ECOLOGYAND IMPACT ASSESSMENT FOR ADANI 
KANDLA BULK TERMINAL PRIVATE LIMITED (AKBTPL), TUNA, 

KACHCHH 

1) Introduction: 

Adani Kandla Bulk Terminal Private Ltd., (AKBTPL) is located at Tuna region, off 

Tekra, South of Nakti creek of Kandla. AKBTPL facility at Tuna, Kachchh is a 

subsidiary of the Adani Ports and Special Economic Zone Limited (APSEZL) which is 

India’s largest port and integrated SEZ. AKBTPL jetty facility was commissioned during 

February 2015 and is capable of handling  ships of 1,00,000 DWT having drafts of 15.0 

m at its outer berth which require an approach channel width of 200 m and depth of 12.3 

m. The first vessel MV Sheng Ming was berthed on 09th February 2015 with a draft of 

14.0 m making it the deepest draft bulk cargo vessel to be directly berthed at a KPT 

facility. The dry bulk terminal project consists of various components including: 80 ha 

back up area, 5 km log approach road and railway connectivity from the main land to the 

backup area, 3.7 km long approach from the back up area to the jetty (1.7 km rubble 

mound from back up area and 2 km piled approach), “T” shape jetty (600 m x 60 m) and 

other ancilliary facilities required for operation. 

In order to assess the marine environmental quality in its port vicinity and as per the 

directives of MoEF&CC, AKBTPL instituted a study on the marine ecological characters 

which will throw light on the present condition of the marine environment of its port and 

possible impact due to ongoing port activities. This study intends to assess different 

marine ecological components in the port environment and predict the impact of the 

ongoing port activities in general. Gujarat Institute of Desert Ecology (GUIDE), Bhuj has 

been assigned this task of marine ecological assessment study. The scope of the study 

includes Chemical and physical characterization of surface water, Physical and chemical 

characterization of benthic sediments, characterizing phyto and zooplankton biota and 

visualization of impact on these pelagic entities within radius of 15 km of the port. 

Density, diversity and other structural characteristics of mangroves, population structure, 

biomass and diversity of benthic macro and meiofaunal communities and quantification 
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of impact on these communities due to present port activities, fishery potential of the 

study area including fish species available is also included in this study. Present study 

was carried out during the Post-monsoon month of November 2016.  
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2) Baseline Studies 

2.1) Intertidal environment 

Intertidal faunal composition, density and diversity were studied at four sampling 

locations in the vicinity of the project site. Four major groups of intertidal macrofauna 

represented by 16 genera have been recorded. Their numbers varied from 13 to 16. 

Crustaceans and gastropods were dominant groups followed by gastropods and 

polychaetes. An overall average density of 493.7/m2 was recorded. Shannon’s diversity 

values ranged from 1.96 to 2.24 and evenness values ranged from 0.51 to 0.69. In 

general, density of intertidal fauna at Tuna region is comparatively lesser than other 

intertidal belts of Kachchh.  

Study on subtidal macrobenthos recorded four major groups namely polychaetes, 

molluscs, crustaceans and “others” in 15 sampling locations within 15 km radius of the 

port. Altogether, 29 genera of macrofauna were recorded. Of these, molluscs and 

polychaetes constituted the dominant groups with 11 genera each followed by 

crustaceans and “others”. Population density varied from 19to 34 no/m2with molluscan 

group density far exceeding other groups. Polychaetes with a richness of 11 genera 

showed a cumulative total density of 115 and the total density of crustaceans with a 

richness of 6 genera was 72/m2 only. Subtidal macrobenthic diversity values ranged from 

2.15 to 2.58 and evenness values ranged from 0.8 to 0.94 showing that the subtidal 

habitat is mostly evenly distributed with the available species.  

In the present study, as many as 46 species belonging to foraminiferans, nematodes, 

ostracodes and harpacticoids were recorded for meio-benthic fauna in 15 different 

sampling locations. Of these, foraminiferans topped the list with 21 species. Shannon 

diversity values varied from 3.12 to 3.59 and Pielou’s evenness varied from 0.81 to 0.91. 

Similar trend was recorded at disposal site for sub tidal meiobenthos with 46 species with 

the dominance of foraminiferans and with density variation of 144 to 259 no/10cm-2. 

Shannon diversity indices of subtidal meiofauna ranged from 3.22to 3.63. 
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2.2) Biological Environment 

Productivity in terms of chlorophyll ‘b’ at the 15 sampling locations ranged from 0.023 

mg/m3 to 0.127 mg/m3 with an average value of 0.06 mg/m3. The recorded value of 

productivity is rather low indicating low productivity in the water column. Phytoplankton 

composition and distribution was dominated by three groups namely Pennate and Centric 

diatoms and dianoflagellates. A total of 26 genera have been recorded with the 

dominance of diatoms. Phytoplankton density values ranged between 15,100 cells/l to 

35,500 cells/l with an average density of 24,900 cells/l. Shannon diversity indices (H’) 

values for phytoplankton ranged from 2.13 to 2.75. In general, phytoplanktonic 

composition, density and diversity in the port vicinity was normal and no abnormality 

could be observed. 

Zooplankton biomass (ml/100 m3) in the dredging site ranged 5.3 to 9.4 ml/100 m3 with 

an average value of 7.66 ml/100 m3. Composition of zooplankton was diverse and mainly 

contributed by copepods, decopods, polychaetes, molluscan larval forms, harpacticoids, 

cladocerans and fish larvae in different proportions. A total of 28 groups were recorded. 

Zooplankton density ranged from 216/m3 to 781/m3 with an average value of 408/m3. 

Shannon diversity indices (H’) values for zooplankton ranged from 1.87 to 3.14. Similar 

to phytoplankton, zooplankton density, diversity and composition was comparable with 

any healthy coastal waters though recorded diversity and biomass values were rather low 

attributable to environmental parameters prevailing in these waters. 

2.3) Mangrove environment 

Mangrove vegetation in and around the AKBTPL project domain constitutes about 1,266 

ha with dense and sparse patches accounting for 530.55 and 736.25 ha, respectively. 

Tuna mangroves are constituted by a single species of A. marina. Six transects, each 

containing 3 quadrates of 10x10 meters were studied. Pooled data of mangrove tree 

density ranged from 5,500/ha to 11,250/ha. Tree height in all the six transects showed 

significant variation and ranged from 1 m to 6.1 m with an overall average of 3.71 m. 

Overall mean tree girth (GBH) of 16 cm with a range of 7 to 28 cm was recorded. 
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Density of plants in the regeneration class (seedlings less than 30 cm) ranged between a 

minimum of 17,900/ha and a maximum of 1,30,000/ha. Density of recruitment class 

plants ranged between 5,680/ha to 12,200/ha. Coral and Seaweed ecosystems are absent 

in the study area. 

2.4) Fishery Resources 

Tuna coastal regions earmarked for the proposed development is a highly industrialized 

as port activity and vessel movement has rendered the network of the creek systems. Both 

in Kandla and Tuna regions, there are about 6 prominent fishing villages with a sizable 

fishing community totalling 1,450. There are about 465 motorized and 62 non-motorized 

fishing vessels in these 6 villages. Almost 99% of the fishermen and fishing vessels are 

active far from Kandla – Tuna complex since fishery resources at the tail end of Gulf of 

Kachchh is sparse that might be due to a combination of human induced and natural 

factors. A major chunk of fishermen and vessels go for shrimp fishery at Surajbari and 

Navlakhi area. At Tuna fish landing centre no landing takes place since 2012. Fish catch 

during five year period 2011-12 to 2015-16 at Kandla varied between 363.5 tonnes to 

4,654.5 tonnes and highest catch was recorded during 2011-12. The catch is mostly 

dominated by small Sciaenids, Clupeids, Bombay duck, Cat fish, Ribbon fish, Crabs, 

Coilia, Jew fish, Mullets, Shrimps and Silver bar. Landing peak mostly occurs during 

November and December months. During 2015-16 highest landing occurred during the 

month of December and lowest landing during June and July months. Fishes like Shrimp, 

Bombay duck and Coilia dominated the catch.  
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2.5) Water Environment  

Surface water quality (Sea) in 15 sampling locations in a radius of 15 km in and around 

the port facility was assessed in order to document the present water quality. Standard 

method was followed to assess 15 different water quality parameters. Water salinity 

values did not fluctuate much among the sampling sites and varied from 39.0 to 45.0 ppt 

with an overall mean of 41.95 ppt. A decreasing trend in salinity values could be 

observed from the port location towards inner gulf which might be due to the shallowness 

of the water column and reduced water circulation pattern. 

Fluctuation in pH value among sampling location was marginal and a consistent 

uniformity was found in all the 15 sampling sites. Hydrogen Ion Concentration is 

influenced by a combination of factors. Suspended solid values ranged from a minimum 

of 145 mg/l and maximum of 276 mg/l with an overall mean of 200.1 mg/l. Generally in 

the gulf, as tidal currents play a major role in TSS levels, it is higher in shallower regions 

and creek systems. Higher suspended solids value at some sampling locations might be 

due to its local geo-morphological features like creek basin and vessel movements. 

Turbidity values in terms of nephelometric turbidity units ranged from 8 NTU to 50 NTU 

with an average of 27.8 NTU. These lower values could be due to less wind velocity and 

turbulence that characterize early part of the winter season during the month of 

November. In the present study, average DO level was 5.94 mg/l and it varied from 4.4 

mg/l to 7.6 mg/l. DO values recorded presently were comparatively good since sampling 

was done during early winter period as the water temperature and salinity in the water 

column was moderate.  

Biological Oxygen Demand (BOD) as an index of the biodegradable organics varied 

from 0.4 – 4.8 mg/l with an average value of 2.14 mg/l. Variation in the Phenolic 

compounds of the sea water samples was from 0.2 to 0.75 µg/l recorded with an average 

value of 0.44 µg/l. Phenolic levels registered a decreasing trend from the proximity of the 

port towards inner gulf showing its origin from port related activities. Nutrients like 

nitrate and phosphate recorded in the present study appears to originate from port 
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handling of related materials like fertilizers. Among nutrients, Nitrate ranged from 0.19 

g/l to 1.98 g/l with a mean of 0.087 g/l whereas nitrite values were between 0.024 

g/l to 0.113 g/l with a mean of 0.052g/l. With a range of 3.68 µg/l to 6.3 µg/l and a 

mean of 4.69 µg/l, Petroleum hydrocarbons (PHC) was normal and did not indicate any 

gross contamination when viewed in comparison with the concentrations in unpolluted 

waters. Four heavy metals namely Lead, Mercury, Cadmium and Total Chromium were 

investigated in the water. Levels of these heavy metals were well within the limits and 

did not show any gross contamination. Analysis of physical and chemical parameters of 

surface waters in the port environ indicated that the water quality is pristine and 

important parameters like nutrients (phosphate and nitrate), heavy metals (Mercury, 

Cadmium, Lead and Chromium) are either comparable with the other port waters or are 

within the limits which do not pose major threat to the water quality or biota. 

2.6) Sediment Environment 

In the bottom sediment, concentration of total phosphorus showed wide fluctuation and 

ranged from 0.9 -2.9 mg/kg with an average value of 1.727 mg/kg. Total Organic Carbon 

ranged from 0.53% to 1.05% with an average value of 0.83%. In marine environment, 

terrestrial run-off and organisms residing in aquatic bodies are the source of organic 

carbon. Calcium Carbonate values in terms of percentage dry weight ranged from 35.8% 

to 45.6% with an average value of 40.55%. Phenolic Compounds in sediment has a 

tendency to couple with nitrogenous compounds and make them less available for 

biological processes. In the present study, phenolic compounds ranged from 0.45 mg/kg 

to 1.69 mg/kg with an average value of 0.91 mg/kg. Levels of petroleum hydrocarbon 

(PHC) varied between 2.1 µg/g to 3.97 µg/g with an average value of 3.33 µg/g. 

However, these levels do not indicate any gross contamination of sediment by 

PHC.Concentration of four crucial heavy metals in the subtidal sediment collected from 

15 sampling locations were studied. Cadmium in the sediment samples registered below 

detectable concentrations whereas levels of lead ranged from 1.372 mg/kg to 1.757 

mg/kg with an average value of 1.48 mg/kg. Mercury levels ranged from of 0.79 mg/kg 
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to 2.41 mg/kg. Concentration of total chromium in the sediment samples was registered 

in below detectable concentrations (BDL). The metal concentration in sediment is 

dependent on the nature, adsorption and retention capacity of the substratum. Presence of 

mangroves possibly acts as a sink for these heavy metals countering contamination of 

creek waters and open seas since sediment bound metals are immobilized by physical and 

biogeochemical processes. The levels encountered in the present study however seem to 

have originated from terrestrial and anthropogenic sources over the years. 
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3) Impact of the Port Activity on Marine Ecology at AKBTPL Jetty 

Present port activity involves maintenance dredging and disposal of these dredged spoil 

in nearby open waters (at location identified by modeling studies and approved by MoEF 

& CC) as per the requirement. For dredging activities, Trailer Suction Hopper Dredger 

(TSHD) is deployed which, in one haul carry 5000 m3 of slurry. Dredging the bottom will 

churn up the bottom sediment and disperse fine particulate matter in the water column 

resulting suspended load increase in the water column and formation of turbidity plumes 

in and around the dredging site. It is estimated that the average turbidity and TSS levels 

of 15.07 NTU and 90.5 mg/l respectively were observed, however, zone of this high 

suspended load is confined to a small area and the ambient concentration level was found 

to be reached within 24 hours of stopping the dredging.  

Foremost effect of dredging will be increased TSS with reduction in light penetration and 

the concomitant impact on productivity of the water column though in a small area. 

Churning up of organic content will result in removal of dissolved oxygen in a zone of 

100 meters beyond the boundary of the dredging site. Temperature of the water column is 

likely to experience a minor shift due to retention of heat by the suspended sediment. 

Similarly, shift in pH level is possible. Corresponding impact on the biota will be 

confined only to the dredging site and impact will be very much attenuated beyond 100 

meters.  

Clay and silt bound organic matter and nutrients such as NO3 locked in the sediment may 

be released into the water column enriching the water and leading to algal proliferation in 

and around dredging site. Changes in water circulation pattern will be minimal as 

changes in seabed level are predicted to be small. This will reduce light penetration and 

consequently photosynthetic efficiency and primary productivity in the water column. 

High TSS level in the water column within the dredging site is likely to deplete dissolved 

oxygen and expose biota to undesirable levels of pollutants. Other crucial water quality 

parameters like pH, salinity and BOD are also likely to be affected during dredging. 

Strong tidal currents prevailing in this part of gulf enable good mixing in the water 
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column. Hence, different impact on water column is expected to reach background levels 

within 100 m beyond the boundary of the dredging site. 

Harmful substances, including heavy metals, oil, TBT, PCBs and pesticides locked in the 

seabed sediments will be released due to bottom churning and their impact depends on to 

what extent the sediment is contaminated. Remobilisation of the sediment locked 

pollutants and their availability to pelagic and benthic biota within the area of dredging is 

expected. However, their impact will be totally absent in the sediments beyond 200 

meters of the dredging site. 

During dredging operation, dumped material mostly is spread upstream and downstream 

and no hump is allowed to be formed. It is estimated that the maximum rise in bed level 

will be only few cm at the dumping site which will be very less since the sediment plume 

is spread widely. The resultant sediment plume is limited to a small area and the 

background ambient suspended load is reached quickly beyond the disposal site. Major 

impact on sediment quality at the disposal site will be due to cascading effect of the 

falling sediments from the dredge bucket. Re-suspended heavy metal contaminants are 

likely to be added to the already existing contaminants at the bottom sediment of the 

disposal site increasing its concentration. 

Macrobenthic communities and meiobenthic communities may get dislocated and 

affected due to ongoing dredging and other port activities. In general, macro-benthic and 

meiobenthic biota may get affected due to dredging activity. Similarly, benthic biomass 

of 3.58 g/m2is affected at the dredging site though similar effects are not visualized 

beyond dredging site. The impact mostly will be due to sucking and dislocation while 

blanketing, smothering and burial leading to biomass elimination will be totally absent at 

the dredging site. Meiobenthic communities to the tune of 220/10 cm2 is likely to suffer 

since they are mostly interstitial and are acclimatized to live among sand particles. This 

whole density is likely to be affected by the disposal of sediments by smothering and 

blanketing effect. Chances for re-colonization and rehabilitation are likely once dredging 

is completed.  
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Impact on planktonic biota due to port activity is mostly due to increase in nutrient load 

and heavy metal concentration and their possible uptake by phyto and zooplankton. At 

the disposal location, suspended sediment load will increase to 40,000-60,000 mg/l 

affecting the planktonic communities significantly. However, this zone of high suspended 

load will be confined to 3.5 sq.km and beyond this zone planktonic community largely 

will remain unaffected or least affected. In general, impact on planktonic biota due to 

different port activities and vessel movement will be highly localized and is not expected 

to cause major environmental changes. 

Changes in the local geomorphology in the intertidal belt are not visualized. Changes, if 

any, will be local and negligible. The nearest intertidal expanse from the dredging and 

disposal activity is about 3 km while the farthest extent is about 12 km. It is unlikely that 

dredging and disposal activities at this distance will cause major impact in the intertidal 

fauna or geomorphology or sediment deposition pattern given the prevailing current 

pattern in this part of the gulf. 

Mangrove formations are present in close proximity to AKBTPL jetty. Increased 

sedimentation is not visualized in the mangrove proper due to port activities and vessel 

movements. Impacts on mangroves close to the project site will be almost negligible 

given the current pattern and direction. Impacts, if any, are mostly associated with vessel 

traffic and continued human activity in and around the port terminal. It is most unlikely 

that vessel traffic will increase sedimentation rates in the intertidal belts of mangrove 

lined creeks. Mangrove ecosystem generally requires sedimentation rate of around 

1mm/year in order to ward off sea level rise. In many instances it is capital and 

subsequent maintenance dredging that will enhance sedimentation rate in mangrove 

ecosystem. It is unlikely that other terminal related activities will have a serious impact 

on the mangroves in the vicinity. It is also to be noted that capital and maintenance 

dredging carried out earlier by KPT / AKBTPL has not shown any sign of impact so far. 

Generally, mangrove ecosystem tide over minor disturbances due to its in-built resilience 

and recovers its original equilibrium and no drastic alteration in the mangrove vegetation 
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cover would happen. In the event of major changes occurring in mangroves, the 

proponent will have to draw an elaborate mangrove management plan which will ward-

off potential negative impact on mangrove ecosystem by appropriate management 

plan.An exhaustive management plan with respect to mangroves has been suggested to 

KPT / AKBTPL in earlier report. 
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4) Conclusion 

In the present study, marine ecology of AKBTPL port waters were characterised by 

analysing marine chemical, physical and biological components in a radius of 15 km 

around the port. Analysis of coastal water health through examination of 15 water quality 

parameters indicated that all the parameters are well within the prescribed limits and no 

gross contamination could be discerned showing that the coastal water in and around the 

Jetty is clean and unpolluted. Important parameters like dissolved oxygen, BOD, COD, 

PHc and Phenol are either comparable with the other unpolluted coastal waters or are 

within the prescribed limits which do not pose threat to the marine biota. Elevated levels 

of salinity observed presently are due to the inherent nature of Gulf of Kachchh waters 

induced by negative water balance, high rate of evapo-transpiration and poor rainfall and 

terrestrial run-off. 

Three sediment quality parameters namely sediment texture, Total Organic Carbon 

(TOC) and Petroleum Hydrocarbons (PHc) were analyzed and their levels in general 

were comparable with other unpolluted coastal sediments. 

All the observed spatial variations in zooplankton density, composition and distribution 

were normal and similar to any other pristine coastal waters and no events negatively 

influencing the zooplankton community was noticed during this study. Given the ambient 

environmental conditions such as high salinity, TDS and temperature the observed values 

of density, composition, chlorophyll ‘a’ and Phaeophytin and their spatial variation was 

normal and comparable with any unpolluted coastal waters. Similarly, the recorded 

abundance, biomass and group distribution in the vicinity of AKBTPL jetty did not 

indicate any stressful condition of the benthic environment and represents a normal 

benthic faunal community. 
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Annexure – 5: Typical design and Photographs of Storm Water Drains 
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Annexure – 6: Photographs of hazardous waste storage site  
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EXECUTIVE SUMMARY 

 

The findings of the study detailed in this report are summarized below.  

 

Studies have been carried out for evaluating the impact on flow regime and sedimentation 

processes due to the proposed development of marine facilities of Adani Kandla Bulk Terminal 

Private Limited (AKBTPL). Under various hydrological, oceanographic and meteorological 

conditions in the Tuna region, the basic oceanographic field data pertaining to tides and tidal 

currents have been made available for carrying out the modeling studies.  Hydrodyn-FLOSOFT 

and Hydrodyn-SEDSOFT, developed at Environ Software (P) Limited has been used for 

predicting the tides, tidal currents and sedimentation parameters in the model. 

 

The proposed developments are deepening the berths, channel, turning circles and disposal of 

dredged spoil.  The site selected for disposal of dredged material is at Latitude 220 47' 12.741" 

N; Longitude 700 02' 56.910" E (UTM Coordinates 2530308.8652 N; 607689.9170 E).  

 

The capital and maintenance dredge material is estimated about 8.5 Mm3.  

 

The model has been run with the available data of tides and currents for various tidal conditions 

to predict the effects due to proposed developments on the flow regime and sedimentation 

parameters in the study region.  

 

Model results show that the predicted change in the flow regime due to the proposed 

development at the jetty and channel is only local, the velocities around the jetty point location 

have slightly increased compared to the surrounding currents but the flow regime in the rest of 

the domain has not changed. Model results show that no significant change in sediment 

parameters due to the proposed developments  

 

From the flow and sediment modeling studies, it can be concluded that the proposed 

developments doesn’t impact on sedimentation processes for all tidal conditions. 
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The disposal location selected is suitable for all tide conditions.  The software FLOSOFT and 

SEDSOFT has been run for 270 days continuously to calculate the dispersion patterns for 

various flow conditions. Results of SEDSOFT show that there is no building of sediments due to 

dumping the dredged material and there are no significant impacts observed on the marine 

environment due to the proposed developments. 

 

The dredged material disposed at selected location for 9 months continuously with 8 dumps per 

day.  Model results show that the sediment concentration moves east-west direction and settle 

the sediment particles at slack tide period. 
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1. INTRODUCTION 

 

1.1 Background 

Kandla Port Trust is one of the major ports among 13 declared major ports of India and situated 

along the Western bank of Kandla creek. Kandla Port trust has decided to undertake the 

development, operation and maintenance of Dry bulk cargo handling facility, off Tekra near 

Tuna outside Kandla creek at Kandla Port on BOT basis. The proposed terminal is located at 

western bank of Kara creek. 

Adani Port & Special Economic Zone Limited (APSEZL), India’s largest private port and 

integrated SEZ, is operating a state-of–the-art, SEZ based port terminal at Mundra, Gujarat. To 

perform the proposed development of Dry Bulk terminal at Tuna, off Tekra as per the 

concession agreement signed by Kandla Port Trust with APSEZL on 26th June 2012, APSEZL 

has formed a wholly owned subsidiary named “Adani Kandla Bulk Terminal Pvt. Ltd” 

(hereinafter referred to as AKBTPL). 

 

The Jetty facility was commissioned on 10th February 2015. The existing terminal was designed 

to handle ships of 1,00,000 DWT having drafts of 15.0 m at its outer berth which required an 

approach channel width of 200 m and depth of 12.3 m. The first vessel MV Sheng Ming was 

berthed on 09th February 2015 with a draft of 14.0 m making it the deepest draft bulk cargo 

vessel to be directly berthed at a KPT facility. The berthing of a 14.0 m vessel at Tuna was a 

major milestone for Kandla Port. 

 

1.2 Proposed development of marine facilities  

 

Bulk cargo business especially coal is nowadays mostly handled on Capsize vessels. So, if 

present facility developed by AKBTPL is to become viable in the present business scenario, 

then it will have to handle Capsize Bulk vessels of 2,10,000 DWT and above drawing drafts of 

20.0 mtrs. Keeping this in mind AKBTPL has proposed following development as part of its 

marine facilities: 

 

o Approach Channel: (-)15.0 m CD, Width: 300 mtrs. 

o Turning Circles: (-)17.0 m CD 

206



Numerical modelling studies for predicting the impacts on the flow regime & morphology due to the 
proposed dredging and disposal of dredged material at tuna, kandla, gulf of kutch  

  

 

Adani Kandla Bulk 
Terminal Private 
Limited,Tuna.  

Introduction 
Rev.No:   01 Dt: 16th Oct 2015 

Doc No:  ENVR 2015-016-R1 
Page No:  2 

 

o Berth Pocket front side (1&3): (-) 19.0 m CD 

o The transition zones shall be dredged as per map enclosed as Annexure – 1. 

o Payable slope is 1:5 

 
Total expected capital dredging quantity is 8.5  Million Cum and additional maintenance 
dredging will be 0.4 Mm3 against earlier approval of 1 Mm3.    
 
1.3 Project Site 

 

The project site is located in Tuna, near Kandla, Kutch District in Gujarat state. The 

project location is shown in Fig.1.1.  

 

1.4  Purpose of the Study 
 

The modeling studies are carried out for predicting the hydraulic behavior due to the 

proposed dredging and disposal activities. The study will essentially predict the 

seasonal behavior of the region in terms of hydraulics and sedimentation processes. 

  Fig.1.2 shows the site location with existing jetty, turning circle, navigation channel as    

  well as dumping location.     

  The job of carrying out the numerical modeling studies for the flow regime, 

sedimentation processes as well as the dispersion of dredge material disposal to 

evaluate the impact due to the proposed developments and remedial measures if any 

was entrusted to M/s Environ Software (P) Limited, Bengaluru. 

 

1.5 Site Conditions 
 

 The project area is in the vicinity of Kandla towards northern Gulf of Kutch.  

 

   1.5.1 Meteorological and oceanographic conditions 
 

The climate in the Gulf of Kutch is heavily influenced by the monsoon. The winds are 

predominantly from south west direction during May to August and north east direction 

during November to February. In between these reversals are the transitions periods 

during which weak and variable wind prevail. 
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1.5.2 Rainfall 

Table 1.1 below shows the monthly average rainfall of the year. The Rainfall generally occurs 

between June and August. 

Table 1.1 Average Monthly Rainfall 

Month Average Rainfall (mm) 

January 0.00 

February 0.00 

March 0.00 

April 0.00 

May 6.53 

June 72.87 

July 62.16 

August 47.33 

September 2.16 

October 1.33 

November 0.00 

December 3.37 

Total 195.75 

Source: IMD 

1.5.3 Temperature 

The monthly average air temperatures are as shown in Table 1.2 below. The figure shows that 

the general temperature in Kandla is quite high and the hottest months are between March and 

October and December to February is comparatively cooler months. 
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Table 1.2 Average Monthly Air Temperatures 

Month Range of 

Maximum 

Temperature 

in 0C 

Mean of 

Maximum 

Temperature 

in 0C 

Range of 

Minimum 

Temperature 

in 0C 

Mean of 

Minimum 

Temperature 

in 0C 

January 27.8 – 23.3 25.2 16.0 – 9.70 13.0 

February 32.1 – 24.1 27.5 18.0 – 12.0 15.5 

March 34.7 – 24.1 32.0 22.5 – 12.0 20.2 

April 38.6 – 29.4 34.6 26.0 – 18.5 23.5 

May 41.9 – 32.6 35.9 28.5 – 23.5 25.7 

June 38.6 – 26.8 32.4 28.5 – 24.0 25.4 

July 34.6 – 26.8 32.4 28.5 – 24.0 25.4 

August 33.1 – 29.1 30.7 26.5 – 24.4 24.5 

September 40.1 – 31.1 33.3 25.5 – 23.5 24.5 

October 37.2 – 31.6 34.2 25.7 – 21.0 23.1 

November 37.6 – 25.5 32.4 24.5 – 14.5 20.2 

December 30.5 – 20.6 25.6 18.2 – 7.8 13.5 

Source: IMD 

1.5.4 Cyclones 

The most of the cyclone in the Kandla region occurs during June, July and October - 

November. The general direction of this cyclones lie between west and North-west. The 

maximum numbers of cyclone occurs in month of June. 

1.5.5 wind conditions  

Maximum wind speed for the non cyclonic condition is 30 to 40 kmph and occurs between 

May and August. The direction of non cyclonic wind is North – East during November to 

February. However, the wind speed up to 180 kmph is observed during cyclonic storms. 

1.5.6 Tides  

The nature of tides prevailing at Tuna Tekra is mainly semi-diuranl exhibiting two high and 

two low waters in a tidal day. Based on feasibility report prepared by IIT Chennai with 
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respect to chart Datum at proposed site at Tuna Tekra location, the tide levels are as given 

in table 1.3 below. 

Table 1.3 Tidal Levels at Kandla Port 

Sr. No. Tide Type Abbreviation Level 

1 Highest High Water (Recorded) HHW (+)6.40 m CD 

2 Mean High Water Springs MHWS (+) 5.80 m CD 

3 Mean High Water Neaps MHWN (+) 4.60 m CD 

4 Mean Sea Level (Established) MSL (+) 3.40 m CD 

5 Mean Low Water Neaps MLWN (+) 2.10 m CD 

6 Mean Low Water Springs MLWS (+) 1.00 m CD 

7 Chart Datum CD 0.0 m CD 

8 Mean Strom Surge --- 2.0 m 

The above levels are with respect to chart datum. The chart datum at proposed project 

location is 3.40 m below mean sea level. 

1.5.7 Currents 

The average current speed in the Kandla region is varying between 0 to 0.7 m/s and at the 

proposed project location mean speed of current is 0.2 m/s. The direction of the current is 

mostly parallel to the coast line. However, during the ebb, the direction of the current is 

perpendicular to the coast due to the surge from the coast in to the gulf along the inter-tidal 

region. 

1.5.8 Wave conditions  

The wave characteristics such as significant wave height mean wave period and wave 

direction has been extracted. The result shows that SW monsoon period, from May to 

August is severe and the maximum wave height is about 2.27 m during month of august. 

The monthly mean of maximum and average values of significant wave height, mean wave 

period and mean wave direction are as shown in table 1.4 below. 
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Table 1.4 Wave Height 

Month Significant Wave 

height in m 

Mean Wave Period  Mean Wave Direction  

Maximum Average Maximum Average Maximum Average 

January 0.93 0.46 3.45 2.84 46 116 

February 0.44 0.11 5.09 2.86 9 226 

March 0.62 0.32 3.71 2.73 14 251 

April 0.69 0.31 4.29 2.85 9 260 

May 1.31 0.69 4.47 3.49 16 239 

June 1.87 0.93 5.25 3.94 356 234 

July 1.92 1.27 5.31 4.44 61 232 

August 2.27 0.95 5.86 3.99 272 235 

September 1.08 0.47 4.77 3.17 18 247 

October 0.57 0.27 4.21 2.65 301 232 

November 0.87 0.38 3.78 2.66 43 97 

December 0.85 0.39 4.10 2.74 22 114 

 

The wave height exceedance during the year is as per table 1.5 given below. 

Table 1.5 Wave height Exceedance during year 

Sr. No. Significant Wave Height No. of days exceedance 

1 Hs < 0.5 m 226 

2 0.5 m < Hs < 1.0 m 86 

3 1.0 m < Hs < 1.5 m 40.25 

4 Hs > 1.5 m 13.25 
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1.5.9 Relative humidity 

Observed monthly maximum and minimum relative humidity has been given in table 1.6 

below. The figures show that atmosphere at the Kandla region is fairly dry and relatively 

humid months are between July to September. 

Table 1.6 Range of monthly maximum and minimum humidity 

Month Maximum Range Minimum Range 

January 87 – 83 15 – 3 

February 90 – 87 18 – 0 

March 98 – 91 2 – 0 

April 93 – 88 36 – 13 

May 92 – 86 25 – 1 

June 90 – 81 37 – 25 

July 99 – 83 48 – 31 

August 99 – 81 50 – 39 

September 93 – 81 40 – 12 

October 89 – 90 11 – 1 

November 95 – 89 29 – 14 

December 93 – 89 11 – 9 

Source: IMD 

1.5.10 Visibility 

The visibility of the atmosphere is generally refers to the maximum horizontal distance at 

which objects can be clearly seen and distinguished. The minimum visibility of the Kandla 

region is between 1 to 4 km range annually is not more than 7 days. The visibility in the 

evening is better than morning. However, the monthly average visibility in the area was 

more than 4 km during the majority of the period of the year. The lower visibility is generally 

observed in the month of January. 
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1.5.11 Seismic conditions 

The project area falls in seismic zone V as per IS 1893. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.1 Geographical location of the proposed Tuna port of AKBTPL 
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Fig.1.2:  Project location with existing berths, turning circle and navigation channel   
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2. SCOPE OF STUDY 

 

AKBTPL, Tuna requested Environ Software (P) Limited to carry out mathematical modeling 

studies for predicting the impact on flow regime, sedimentation changes due to the proposed 

deepening the approach channel to the Jetty for various tidal conditions. The study also 

proposed to predict the changes in the bed morphology due to dredge disposal at the identified 

location. The study will also assess the impacts on the marine environment due to the proposed 

facilities and suggest remedial measures if needed to overcome impacts. 

 

Objectives 

The following are the main objectives and scope of the present study. 

 

1. Hydrodynamic studies  

 Numerical runs will be carried for various hydrological conditions for predicting the tides 

and tidal currents in the vicinity of the proposed dredging in the channel, near berths and 

turning circles for various tidal conditions 

 Hydrodyn softwares    will    be    used    to    predict    the    hydraulic    behavior, 

Morphological changes (Hydrodyn-SEDSOFT) for the proposed facilities. 

 Present flow dynamics in the selected domain for various tide conditions   

 Numerical runs will be carried out for various tide conditions for predicting the changes in 

the flow regime due to proposed dredging activities. 

 Hydrodynamic study to be carried out for probable impacts on the shoreline, intertidal 

area to assess the morphological changes and correlating with the bathymetric data 

analysis. 

 

2.    ST (Sediment Transport) Modeling Studies: 

 

 Numerical  runs  will  be  carried out  for  various  tide  conditions  for  predicting 

morphological changes due to the dredging the channel. 
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 Numerical modeling studies for erosion, deposition and shoreline changes due to 

proposed dredging activities for various tidal conditions. 

 Modeling studies for predicting the impact on flow dynamics, bed morphology and   

marine   environment   due   to   proposed   dredging. 

 Morphological changes in the area due to proposed dredging and new flow dynamics for 

various tidal conditions. 

 

3. Dredge Disposal Studies: 

 

 Dredge material dispersion studies based on hydrodynamic modeling studies. 

 Predicting the dispersion of sediments disposal and change in bed levels   

 To identify dredged material for stabilization of the bed with marine environmental   

impacts due to buildup of turbidity as well as change in morphology.  
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3.   HYDRODYNAMIC MODEL STUDIES 

 

3.1 Hydrodynamic model 

  

3.1.1 Basic governing equations 

 
The basic governing equations of flow are solved numerically in simulation of tides and currents 

in the coastal environments. These equations are formulated based on incompressible flow and 

vertically integrated hydrostatic distribution since the vertical acceleration of the flow is much 

smaller than the pressure gradient. After applying these assumptions, the basic governing 

equations of flow momentum can be written in the conservation form as follows: 

  

3.1.2 Continuity equation 
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3.1.3 Momentum equations 

 

The two depth-averaged momentum equations can be written as 

 

where, t = time;   x, y are Cartesian co-ordinates;  u and v are depth averaged velocity 

components in the x and y  directions, respectively;  f = Coriolis parameter;   g = acceleration 

due to gravity; Kx, Ky diffusion coefficients in the x and y directions, respectively; η= water 

elevation with respect to mean sea level, H = total water depth at any instant. 
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3.1.4 Diffusion coefficients: 

 

The horizontal diffusion coefficients Kx and Ky are calculated as follows: 

 

Where αx and αy are the diffusion factors in x and y directions and C  is the Chezy's coefficient. 

 

3.1.5 Numerical solution algorithm: 

 

The transformed governing equations of flow have been discretized on a FEM mesh and solved 

using Eulerian and Lagrangian scheme. 

 

3.2 Model description 

 
Dedicated softwares Hydrodyn-FLOSOFT and  Hydrodyn-SEDSOFT for prediction of tides and 

currents and sedimentation processes in the seas and estuaries developed at Environ Software 

(P) Ltd, Bangalore, based on solving the hydrodynamic equations numerically through coupled 

way using the present state-of-art of technology is used in the modeling studies. 

 

3.3 Model setup and calibration 

 
The Gulf of Kutch with its terrain features is graphically shown in Fig.A1.1. The computational 

domain of the model (global domain) is selected from Okha to Kandla -- between the 

geographical coordinates given by: 480572.687E to 641860.375E and 2460907.000N  to 

2549334.000N   (Longitude - 68° 51’ 48’ E & 70° 20’ 27’’ E and Latitude -  22° 14’ 53’ N & 22° 

02’ 36’’ N) to predict the open boundary tides for the study domain (regional study domain). The 

model domain is divided into various triangular meshes and generated the elements in the study 

domain. Fig.A1.2 shows the computational grid for the selected global domain. The bathymetry 

is from hydrographic chart data with local measured data supplied by the project proponent 

( ) 222 CvugK yy +α=

( ) 222 CvugK xx +α=
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incorporated for the project area. The interpolated bathymetric depth contours are shown 

Fig.A1.3.  From the figure, it can be observed that the maximum bathy depth in the study 

domain is 50.0 m. 

 

3.3.1 Bed roughness 

 
 
The bottom roughness in the domain varies according to bed sediment grain sizes. The bed 

consists of various sizes of clay, sand and silt. Depending upon bed configuration and sediment 

sizes, the d50 size varies from 0.001m to 0.005m. In the present study constant Manning’s 

roughness coefficient is selected based on the validation and the same is used for carrying out 

various computational runs for the prediction of hydrodynamic parameters in the Kandla flow 

field system. The software has been run for various sets of Manning roughness coefficient (0.03 

to 0.08) till the discrepancy is minimum in the prediction of tides and currents. From the series of 

computational runs, the Manning coefficient 0.012 is found to be best for model calibration. The 

model has been run for various inputs using the same roughness coefficient in the prediction of 

tide and currents in the Gulf of Kutch. 

 

3.3.2  Initial and boundary conditions 

 

The initial conditions for the model are selected based on still water conditions. The vertical  

density gradients due to salinity variation have been neglected since the water column is well 

mixed. The FEM technique has been adopted to take care of shoreline shape and make fine 

mesh near the coastline. The grid is non-uniform both in x and y directions and it is a fine mesh.  

 

The open boundary conditions identified are eastern, and southern & northern as closed 

boundaries and western as open boundary. The boundary conditions selected are as follows.  

(i) Western open boundary tide (August  2012) shown in Fig.A1.4 (ii) no flow across the closed 

boundaries. In this model, diffusion coefficients for horizontal exchange of momentum vary with 

the space.   

 

3.3.3  Model calibration 
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The interpolated Chezy’s coefficients calculated based on Manning’s roughness and water 

depth. The sensitivity analysis has been carried out with various sets of variable bed roughness 

coefficients, which are the combined effect of d50 sediment size and bed configuration in order 

to calibrate the model with respect to the observed tide data of August 2012 tide and current 

data in Gulf of Kutch region. The computational runs were continued with various sets of bed 

roughness values to calibrate the model.  The western open boundary tide (Fig.1.4) extracted 

from the tidal constituents is used for the modeling of tides and currents in the Gulf of Kutch 

region. 

 

The model has been run for 15 days and comparison has been made between the observed 

and computed tides and velocities in the Gulf of Kutch at location 22 28 23.1 N  69 46  46.9 E 

(580212.81 E  2485400.86 N) are shown in Fig.A1.5 and Fig.A1.6 respectively. From the figures it 

can be said that discrepancy is within the acceptable limits (<1%) for water levels computed and 

discrepancy is less than <5% for velocity computed. 

 

The model runs have been made for a period of 15 days covering spring and neap tide 

conditions to obtain an insight into the basic hydrodynamic behavior of the study domain. 

 

3.4 Modeling for tides and currents 

 

The model clearly reproduces the tidal variation at various locations in the Gulf of Kutch region. 

The typical tidal velocities for Peak Flood and Peak Ebb are discussed in the following sections. 

 

3.4.1 Tidal currents during Peak Flood (PF) condition 

 

The spatial variation of tide and velocities at different locations in the Gulf during peak flood of 

neap and spring condition are shown in Fig.A1.7 & Fig.A1.11 and Fig.A1.8 & Fig.A1.12 

respectively. From the figures it can be seen that the variation of water levels is from 0.784 m to 

3.156 m during neap tide and 0.49 m to 3.80 m during spring tide, respectively. 
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From the figures, it can be seen that the flow direction is predominantly Eastern direction. The 

maximum current speed is 2.034 m/sec during neap tide and 2.3 m/sec during spring tide. 

During this period the currents are stronger than EBB, LW and HW tide condition.  

 

 

3.4.2 Tidal currents during Peak Ebbing (PE) condition 

 

Fig.A1.9 and Fig.A1.13 show the spatial variation of tides and Fig.A1.10 and Fig.A2.14 show the 

spatial variation of currents during ebbing tide condition of neap and spring tides respectively. 

From the figures, it can be seen that the flow direction changes and it is now towards western 

direction. The maximum flow velocity is around 2.30 m/sec during spring tide and 1.731  m/sec 

during neap tide. From the figures, it can be seen that the water levels are in the range of 1.77 

m to 3.105 m during neap tide and vary between 1.238 m and 2.816 m during spring tide in the 

domain. 
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4.  MODELING OF FLOW REGIME FOR THE PROPOSED DREDGING 

ACTIVITIES  
 

4.1 Introduction 

 

In order to obtain better accuracy in the prediction of flow regime changes due to the proposed 

deepening of approach channel to the Jetty facilities including berthing facility for handling of 

Cargo to be located in Tuna Kandla, a finer mesh is adopted to represent the study area for 

modeling purpose. Computational runs have been carried out on this local model domain.  

 

4.2 Marine facilities for Adani Bulk terminal at Tuna, Kandla 

 

The study domain selected for Tuna, Kandla is between the geographical coordinates given 

below: 

Easting: 587172.00 to 644119.250 

Northing: 2493607.00 to 2543334.750  

 

The dredging facilities consist of deepening of the approach channel including berthing facility, 

turning circle for handling of cargo (constituting the proposed development) and are taken into 

account in this domain. The terrain features of the domain before the development are shown in 

Fig.A2.1.  

 

The size of the model domain is 54000 m x 42000 m. The model domain is divided into several 

computational triangular blocks and generated grids in x and y directions respectively. The size 

of the mesh varies between 5 m to 100 m. Fig.A2.2 shows the computational grid for the domain 

before development. The bathymetry is selected from the measured hydrographic chart data. 

Figs.A2.3 (a) and A2.3 (b) show the interpolated bathymetric depth contours before and after 

the development respectively.  From the figures, it can be seen that the maximum depth contour 

is 38 m.  

 

4.3 Regional model validation: 
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The selected computational domain has been a part of the large domain shown in Fig.A1.1 and 

the calibration carried out using the observed data of tide and current for regional domain also. 

The model has been run for 15 days for October 2014 without changing the calibration 

parameters to obtain an insight into the basic hydrodynamic behavior of the study domain. The 

comparison has been made between the observed and computed tides and velocities in the 

Gulf of Kutch at location 22 28 23.1 N  69 46 46.9 E (580212.81 E 2485400.86 N) are shown in 

Fig.A2.5(a) and Fig.A2.5(b) respectively. From the figures it can be said that discrepancy is 

within the acceptable limits (<1%) for water levels computed and discrepancy is less than <5% 

for velocity computed. 

 

4.3.1 Modeling of flow regime 

 

The study has been carried out to predict the changes in the flow regime and circulation pattern 

due to the proposed development for various hydrodynamic conditions.  

 

The model clearly reproduces the tidal variation at various locations in the study area. The 

typical tidal elevations and velocities for Low Water (LLW), High Water (HHW), Peak Flood (PF) 

and Peak Ebb (PE) for the month of October 2014 have been generated and are discussed in 

the following sections. 

 

The software has been run for 15 days continuously representing spring and neap tide 

conditions for both the cases of before development as well as after development and the 

predicted results are discussed below:    

 

a) Neap tide condition-slack-1(LLW) 

 
The tides during slack-1 for neap tide condition before and after proposed development are 

shown in Fig A2.6 and Fig.A2.7, respectively. The maximum water level is about 2.1 m at the 

proposed development and no significant change in the water levels after development is 

noticed during lowest low water condition.  

 

The currents during slack-1 for neap tide condition before and after proposed development are 

shown in Fig A2.8 and Fig.A2.9, respectively. It can be seen that the maximum current speed is 
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about 0.09 m/sec at the proposed development and the direction of flow is northeast. No 

significant change was observed in the flow regime after development during lowest low water 

condition.  

 

Fig.A2.38 shows the difference in current speed before and after the proposed development. It 

can be observed that there is a decrease in current speed by about 0.003 m/sec in the 

proposed channel while velocities seem to have increased by 0.008 m/sec in the vicinity of 

Jetty.  

 

b) Neap tide condition-peak flood (PF) 

 
The tides during neap tide PF condition before and after proposed development are shown in 

Fig A2.10 and Fig.A2.11, respectively. It can be seen that the maximum water level is of the 

order of 3.93 m in the proposed development and no significant change in the water levels is 

observed after development during peak flood water condition.  

 

The currents during neap tide PF condition before and after proposed development activities are 

shown in Fig A2.12 and Fig.A2.13 respectively. It can be observed that flow is towards 

northeast direction. It can be seen that the maximum current speed in the proposed 

development is about 0.6 m/sec and there is no significant change in the flow regime after 

development.   

 

Fig.A2.39 shows the difference in current speed due to proposed dredging activities. It can be 

seen that the flow velocity is increased by 0.039 m/s near the Jetty and decreases by 0.048 

m/sec in the approach channel.  

 

c) Neap tide condition- highest high water (slack-2) (HHW) 

 
The tides during slack-2 for neap tide HHW condition before and after proposed development 

are shown in Fig A2.14 and Fig.A2.15, respectively. It can be seen that the maximum water 

level is about 5.7 m in the proposed development and no significant change in the water levels 

after development predicted during highest high water condition.  
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The currents during slack-2 for neap tide HHW condition before and after proposed 

development activities are shown in Fig.A2.16 and Fig.A2.17, respectively.  It can be seen that 

the direction of flow is in the southwest. The maximum current speed in the proposed 

development is about 0.064 m/sec.  

 

Fig.A2.40 shows the difference in current speed due to proposed dredging activities. It can be 

observed that there is slight increase in the flow speed by 0.008 m/s in a smaller portion at and 

around the Jetty and decreases by 0.007 m/sec in the approach channel.  

 

d) Neap tide condition- peak ebb (PE) 
 
The tides during neap tide PE condition before and after proposed development are shown in 

Fig A2.18 and Fig.A2.19, respectively. It can be seen that the maximum water level is about 

3.91 m in the proposed development and no significant change in the water levels is observed 

after development. 

 
The currents during neap tide PE condition before and after proposed development are shown 

in Fig.A2.20 and Fig.A2.21, respectively.  It can be observed that the flow pattern is towards 

southwest direction. It can be seen that the maximum current speed is about 0.656 m/sec in the 

proposed development. 

 

Fig.A2.41 shows the difference in current speed due to proposed development activities.  It can 

be observed that there is slight increase in the flow speed by 0.015 m/s in parts of the area at 

and around Jetty. A slight decrease of current speed 0.039 m/sec is also noticed in the 

approach channel. 

 

e). Spring tide condition-slack-1(LLW) 

 
The tides during slack-1 for spring tide condition before and after proposed development in the 

area are shown in Fig A2.22 and Fig.A2.23, respectively. It can be seen that the maximum 

water level is about 0.96 m in the proposed development. No significant change predicted in the 

water levels after development during lowest low water condition.  
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The currents during slack-1 for spring tide condition before and after proposed development are 

shown in Fig.A2.24 and Fig.A2.25, respectively. It can be seen that the direction of flow is 

northeast. The maximum current speed is about 0.180 m/sec in the proposed development and 

no significant change in the flow regime after development activities during lowest low water 

condition.  

 

Fig.A2.42 shows the difference in current speed between before and after development 

activities.  It can be observed that there is current speed increase of about 0.02 m/s in and 

around the jetty area in the proposed development and decreases by 0.022 m/sec in the 

approach channel as well as northern part of the Jetty. 

  

f). Spring tide condition-peak flood (PF) 

 

The tides during spring tide PF condition before and after proposed development are shown in 

Fig A2.26 and Fig.A2.27, respectively. It can be seen that the maximum water level is about 3.9 

m in the proposed development and no significant change in the water levels after development 

observed during lowest low water condition.  

 
The currents during spring tide PF condition before and after proposed development are shown 

in Fig.A2.28 and Fig.A2.29, respectively. It can be observed that flow is towards northeast 

direction. It can be seen that the maximum current speed in the proposed development is about 

1.29 m/sec and there is no significant change in the flow regime in the proposed development.   

 

Fig.A2.43 shows the difference in current speed due to proposed development activities.  It can 

be observed that the current speed decreases in the order of 0.15 m /sec in the approach 

channel and increases in the order of 0.125 m/sec in the vicinity of Jetty area. 

 

 g).Spring tide condition-highest high water (slack-2) (HHW) 

 
The tides during spring tide HHW condition before and after proposed development are shown 

in Fig A2.30 and Fig.A2.31, respectively. It can be seen that the maximum water level is about 

6.6 m in the proposed development.  There is no significant change in the water levels after 

development during HHW condition.  
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The currents during slack-2 for spring tide condition before and after proposed development are 

shown in Fig.A2.32 and Fig.A2.33 respectively.  It can be seen that the flow direction is towards 

northeast. The maximum current speed is about 0.22 m/sec in the proposed development. 

 

Fig.A2.44 shows the difference in current speed due to proposed development activities.  It can 

be observed that the current speed decreases in the order of 0.006 m /sec in the approach 

channel and increases in the order of 0.16 m/sec in the vicinity of Jetty area. 

 

h). Spring tide condition-peak ebb (PE) 

 
The tides during spring tide PE condition before and after development are shown in Fig A2.34 

and Fig.A2.35, respectively. It can be seen that the maximum water level is about 3.976 m in 

the proposed development. No significant change in the water levels observed in the domain 

after development during PE water condition.  

 

The currents during spring PE condition before and after development are shown in Fig.A2.36 

and Fig.A2.37, respectively.  It can be observed that the flow pattern is changed and the flow is 

towards southwest direction. It can be seen that the maximum current speed is about 0.864 

m/sec in the proposed development.  

 

Fig.A2.45 shows the difference in current speed due to proposed development activities.  It can 

be observed that the current speed decreases in the order of 0.106 m /sec in the approach 

channel and increases in the order of 0.059 m/sec in the vicinity of Jetty area. 

 

i). Impact on flow regime and flow circulation in the study domain 

 

The model has been run for 15 days continuously for predicting the impact on flow regime and 

circulation for various hydrodynamic tidal conditions due to the proposed development.  

 

A number of observation points (1 through 20) have been put around the proposed development 

so that the variation of various parameters like velocity (flow), sediment erosion / deposition and 

bed levels before and after development can be simulated and compared; thus enabling an 
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assessment of the impact due to the proposed development. The location of the observation 

points are shown graphically in Fig.A2.46.  

 

Fig.A2.47 (a) and Fig.A2.47 (b) show the variation of currents at different observation points 

located around the development.  It can be seen that there is no significant impact on tide / flow 

regime in general due to proposed developments. The changes in the flow regime are mainly 

local as discussed at length in the above sections. From the results it can be seen that the 

maximum change in the flow regime in the approach channel is in the tune of – m/sec and in the 

Jetty area is in the tune of – m/sec 
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5.    MODELING OF SEDIMENT TRANSPORT  

 

5.1 Sediment Transport Model 

 

This chapter presents the setting up of sediment transport model and simulation of existing 

sediment transport conditions for estimating the sediment deposition for various hydro-dynamic 

and oceanographic conditions. 

 

As with the flow modeling described in the previous chapter, a critical step in applying a 

numerical model for sediment transport is the process of model verification. Whereas data sets 

against which to calibrate and validate the flow model are relatively straightforward to obtain, 

collection of data to validate a sediment transport model is typically more difficult. The sediment 

transport studies are aimed at indicating the likely tendency in the bed levels (i.e. erosion and/or 

deposition) as a result of the engineering developments rather than the quantities involved. This 

approach is, however, still valid for confirming the sediment erosion/deposition at various 

locations. 

 

The principal aim of these studies was to assess the total (Cohesive and Non-Cohesive) 

sediment load getting deposited in the study area and to find out any changes in these values 

due to the proposed development. Accordingly the simulation runs were carried out with a 

sand/fine silt/mud transport which was appropriate for the conditions in these areas. 

 

5.2 Available data pertaining to the morphological assessment 

 

Data which was made available in the present study to provide input to the morphological 

studies comprised the following: 

 

 Bathymetry data for the domain 

 Suspended sediment concentration in the GOK 

 Bed sediment grain size and settling velocities. 

 

This information was used to specify the initial distribution of sand/silt/mud (limiting it to the 
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intertidal areas) in the numerical modeling simulations. 

5.3 Sediment transport simulation 

 

Simulation of sediment transport in the study area (Fig.A2.1) was carried out with the Hydrodyn-

SEDSOFT model for various tide conditions during the month of October 2014. Hydrodyn-

SEDSOFT is a 2D sediment transport model (Cohesive and non-Cohesive) and predicts the 

process of erosion, transport and deposition of sediment.  

 

Hydrodyn-SEDSOFT was driven with the neap and spring tide hydrodynamic flow file and using 

standard parameters which describe the erosion and settling characteristics of the sediment. 

Simulation runs were carried by specifying sediment composition in the shallower (intertidal) 

zones where the tide induced bed shear stress was relatively low. 

 

Following simulation of the sediment transport under existing conditions, the model was 

adjusted to include the effects of the bathymetry changes due to proposed development. 

 

The study domain taken for sediment transport modeling is same as flow modeling. The 

instantaneous rates of sediment erosion and deposition were simulated and the predicted bed 

levels over a period of time were obtained. The results of the study are presented below. 

 

5.4 Sediment Erosion before and after development  

 

The sediment erosion occurs when the flow velocity at bed will be more than the critical bed 

shear stress. The critical bed shear will be calculated based on the bottom bed sediment 

composition. In general, the velocities will be more during peak flood and peak ebb tide 

conditions of neap and spring tides. Hence, bed erosion normally occurs during peak flood and 

ebb tide conditions, the model predicted values for the rate of erosion during peak flood and ebb 

conditions are discussed below. 

 

5.4.1 Neap tide condition- Flood (F) 

 

The instantaneous rate of erosion for neap tide of Flood condition before and after development 
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is shown in Fig.A3.1 & Fig.A3.2, respectively. The erosion rate is seems to vary in between 

0.00004 kg/m2-sec to 0.0009 kg/m2-sec in the proposed development area. It can be seen that 

the erosion rate at certain areas in the proposed dredged channel is in the order of 0.0005 

kg/m2-sec before and after development. 

  

Fig.A3.9 shows the difference in the instantaneous rate of erosion before and after development 

in the study domain. It can be observed from the figure that there is a slight reduction in the 

erosion rate at around the turning circles and increases in the Jetty area. The decrease 

observed is very small and is about 0.0002 kg/m2-sec and increase observed as 0.0002 kg/m2-

sec. 

 

5.4.2 Neap tide condition- Ebb(E)  

 

The rate of erosion for neap tide ebb condition before and after development is shown in 

Fig.A3.3 & Fig.A3.4, respectively. It can be seen from the figures that the erosion rate varies 

between 0.0003 kg/m2-sec to 0.0006 kg/m2-sec before and after development. It can be 

observed that the erosion rate at a certain area of the proposed dredged channel is of the order 

of 0.0003 kg/m2-sec before and after development. There is no erosion rate observed in the 

dredged channel area after development. 

 

Fig.A3.10 shows the difference in the instantaneous rate of erosion before and after 

development in the study domain for the neap tide ebb condition. It can be observed from the 

figure that there is a slight decrease in the erosion rate at and around turning circles and in the 

dredged channel. The decrease observed is very small and is of the order of 0.0012 kg/m2-sec.  

 

5.4.3 Spring tide condition-peak Flood (PF) 

 

The rate of erosion for spring tide PF condition before and after development is shown in 

Fig.A3.5 & Fig.A3.6, respectively. It can be seen that the rate of erosion varies from 0.0015 to 

0.002 before and after development.  

 

Fig.A3.11 shows the difference in the instantaneous rate of erosion before and after 
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development in the study domain. It can be observed that the erosion rate at a certain area of 

the proposed dredged channel is reduced in the order of 0.0004 kg/m2-sec after development. It 

can be seen that there is slight increase in the rate of erosion in the order of 0.0003 kg/m2-sec in 

and around the Jetty area. 

 

5.4.4 Spring tide condition-peak Ebb (PE) 

 

The rate of erosion for spring tide PE condition before and after development is shown in 

Fig.A3.7 & Fig.A3.8, respectively. It can be seen that in the domain, the erosion rate is seen 

varying between 0.0004 kg/m2-sec to 0.0009 kg/m2-sec before and after development.  

 

Fig.A3.12 shows the difference in the instantaneous rate of erosion before and after 

development in the study domain. It can be observed from the figure that there is a slight 

reduction in the erosion rate in the order of 0.0002 kg/m2-sec in the dredge channel. Slight 

increase in the erosion rate is observed in the order of 0.0001 kg/m2-sec. 

 

The comparison of sediment erosion rate before and after development at different location 

points (Fig.A2.46) kept at and around the dredged channel location is shown in Fig.A3.13 (a) & 

(b). It can be seen that the change or variation in the erosion rate is limited to the vicinity of the 

dredged area locations only and that there is no change observed in the rest of the domain.  

 

 

5.5 Sediment deposition before and after development  

 

The sediment deposition occurs when the flow velocity at bed will be less than the critical bed 

shear stress. In general, the velocities will be less during LW and HW tide conditions of neap 

and spring tides. Hence, sediment deposition normally occurs during LW and HW tide 

conditions. The model predicted values for the rate of deposition during LW and HW conditions 

are discussed below. 

 

 

5.5.1 Neap tide condition-slack-1 (LW) 
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The rate of deposition for neap tide LW condition before and after development is shown in 

Fig.A4.1 & Fig.A4.2, respectively. It can be seen that there is no significant change in the 

deposition rate in and around the dredged channel after development. The deposition rate in the 

channel area is in the order of 0.036 kg/m2-sec. Deposition rate varying between 0.004 kg/m2-

sec to 0.032 kg/m2-sec was observed mainly along the shores of the study domain before and 

after development.  

 

Fig.A4.9 shows the difference in the instantaneous rate of deposition before and after 

development in the study domain. It can be observed from the figure that there is decrease  in 

the deposition rate in the order of 0.0026 kg/m2-sec in and around the turning circles. There is 

no change in the deposition rates observed in the rest of the domain before and after 

development. 

 

5.5.2 Neap tide condition- High water (HW) 

 

The rate of deposition for neap tide HW condition before and after development is shown in 

Fig.A4.3 & Fig.A4.4, respectively. It can be seen that the deposition rate is more widely spread 

in the study domain and mainly along shoreline and rest of the domain away from shore both 

before and after development. The deposition rate is varying between 0.032 kg/m2-sec to 0.036 

kg/m2-sec in the development area.  

 

Fig.A4.10 shows the difference in the instantaneous rate of deposition before and after 

development in the study domain. It can be observed from the figure that there is a slight 

decrease in the deposition rate in the order of 0.0013 kg/m2-sec in and around the Jetty area. 

There is no change in the deposition rates observed in the rest of the domain before and after 

development. 

 

 

5.5.3 Spring tide condition-slack-1 (LLW) 

 

The rate of deposition for spring tide LLW condition before and after development is shown in 
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Fig.A4.5 & Fig.A4.6, respectively. It can be seen that the deposition rate is more widely spread 

in the study domain and mainly along shoreline and rest of the domain away from shore both 

before and after development. The deposition rate is varying between 0.02 kg/m2-sec to 0.04 

kg/m2-sec in the development area.  

  

Fig.A4.11 shows the difference in the instantaneous rate of deposition before and after 

development in the study domain. It can be observed from the figure that there is a slight 

increase in the deposition rate in the order of 0.0042 kg/m2-sec in the channel and the turning 

circle in the order of 0.0063 kg/m2-sec; a decrease in the order of 0.0068 kg/m2-sec at the 

edges of the turning. 

  

5.5.4 Spring tide condition-highest high water (HHW) 

 

The rate of deposition for spring tide HHW condition before and after development is shown in 

Fig.A4.7 & Fig.A4.8, respectively. It can be seen that the deposition rate is more widely spread 

in the study domain and mainly along shoreline and rest of the domain away from shore both 

before and after development. The deposition rate is varying between 0.025 kg/m2-sec to 0.045 

kg/m2-sec in the development area.  

 

Fig.A4.12 shows the difference in the instantaneous rate of deposition before and after 

development in the study domain. It can be observed from the figure that there is a slight 

increase in the deposition rate in the order of 0.0008 kg/m2-sec in the channel; a decrease in 

the order of 0.0014 kg/m2-sec at and around the turning circles and jetty. 

 

The comparison of the rates of sediment deposition before and after development at different 

location points in the development area (Fig.A2.46) is shown in Fig.A4.13 (a) & (b). It can be 

seen that the deposition rate increase is limited to areas in and around the dredged channel 

location mostly limited to the tail end part of the channel and thus very much localized and there 

is no change observed away from this development location in the rest of the domain.  

 

From the figures it can be seen that the impact predicted on flow/sediment dynamics after 

proposed development is not very significant and also it is limited to localized areas only. 
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5.6 Morphological changes 

 

The model has been run continuously for 15 days taking account of neap and spring tide 

conditions for various seasons and the morphological changes due to erosion and deposition in 

the domain after the proposed development. The results are shown graphically. 

 

Fig.A5.1 and Fig.A5.2 shows the bed level variations for 15 days before and after development 

respectively. 

 

Fig.A5.3 shows the difference in the bed levels over a period of 15 days before and after 

development in the domain. It can be seen that the bed level changes are confined mostly to the 

development area.  It is observed that there is a slight increase of bed level in the order of 0.005 

m over a period of 15 days in the dredged channel as well as at the edges of turning circle.  

There is a slight decrease in the bed level in and around the jetty area in the order of 0.004 m. 

 

Figs.A5.4 (a) & (b) give the comparison of variation in bed levels before and after development 

at various observation points (Fig.A2.47) set up in and around the development area. From the 

figure, it can be inferred that the variation or change in the bed level in the dredged channel 

areas range from 0.05 m  at the mouth of the channel area to 0.04 m at the tail end of the 

dredged channel area over 15 days.  

 

Taking an average bed level change along  the dredged channel of 0.045 m over 15 days which 

translates into 0.09 m over one month, the amount of maintenance dredging required for the 

dredged channel to maintain  the designed bed level of – 18 m CD can be calculated. The 

amount of deposition occurring in the channel and thus the amount of material to be dredged 

over one year can be a minimum of 0.324 million m3 and a maximum of 0.6 million m3 with the 

average value being taken as 0.45 million m3.  
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6.     MODELING FOR DISPOSAL OF DREDGED MATERIAL 

 

6.1 Sediment transport model 

  

Basic governing equations 

The basic governing equations of suspended sediment transport and bed load are solved 

numerically in predicting the morphological changes of bottom bed due dredging processes in 

the coastal environments. These equations are coupled with flow equations and solved 

numerically. The basic governing equations of suspended sediment transport can be written as 

follows: 
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Where   

t = time; C = suspended sediment concentration (mg/l),  x, y are Cartesian co-ordinates;  u and 

v are depth averaged velocity components in the x and y  directions, respectively;  Kx, Ky 

diffusion coefficients in the x and y directions, respectively;  

 

Boundary Fitted Coordinate (BFC) system 

 

In the Cartesian or rectilinear co-ordinate system, which is generally used in all global models, it 

is difficult to represent the complex coastline accurately, as grid size remains the same at any 

given location. To better resolve complex geometries in the horizontal directions, the model 

makes the computations on the boundary-fitted or generalized curvilinear Coordinate system 

This necessitates the transformation of the governing equations into boundary-fitted 

coordinates ),( σς . However, in the model the (x, y) coordinates are transformed in such a way 

that their components are perpendicular to the ),( σς  coordinate lines. This is accomplished by 

employing the chain rule transformation.  
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The suspended sediment transport equation can be written in BFC system as 
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Where, yyxxyyxxyxyx σσςςσσςς ,,,,,,,  grid transformation parameters 

 

Qc -  source or sink term 

 

The deposition and erosion fluxes are calculated by the formulae of krone and partheniades 

respectively.   
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  Where: 

We                    is the setting velocity (m/s) 

M                      is the partheniades constant 

u*
d and u*

e         is the critical setting and erosion velocities 

u*                      is the friction velocity at the bottom   

 

The evolution of the bed level is calculated thus: 

     DT
C

QQ
E

sf

ed −=       at each time step (m)          

Qe    is the erosion flux (Kg m-2s-1)  

Qd    is the deposition flux (Kg m-2s-1) 

Csf   being the concentration of the settled layer (Kg/m3) 
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6.2 Model description 

 

Hydrodyn-SEDSOFT is used to predict transport of suspended particles of different size/ 

material and bed load transport within the water bodies with a free surface. The software can 

calculate the deposit on the bottom and the entrainment of suspension by the process of 

erosion. The software is integrated with Hydrodyn-FLOSOFT to take into account the advection 

of currents. For each sediment size various physical phenomena are taken into account such as 

transport by the current, diffusion, deposition, erosion, time-dependent decay and source terms.  

SEDSOFT is a part of the HYDRODYN systems developed by ENVIRON and employs the 

same BFC grid used by the system. SEDSOFT solves the appropriate governing equations of 

advection diffusion in two dimensions and the concentration of each transported variable is 

assumed to be constant throughout the water column. SEDSOFT as such, is a depth-averaged 

model. 

 

SEDSOFT solves the transport equation coupled from the hydrodynamics (FLOSOFT) of the 

modeled situation. (SEDSOFT is available on windows operating system.) 

 

6.3 Modeling of sediment transport 

 

Initial and boundary conditions 

 

The initial conditions for the model are selected based on no suspended particles in the water 

column. The vertical density gradients due to salinity variation have been neglected since the 

water column is well mixed. The BFC technique has been adopted to take care of shoreline 

shape and make fine mesh near the coastline. The grid is non-uniform both in x and y directions 

and it is a fine mesh.  

 

The open boundary conditions identified are northern and southern open boundaries at Mahuva 

and east and west boundaries are closed. The boundary conditions selected are as follows.   
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(i) No sediment flux at open boundaries  

(ii) No flux across the coastal boundary and 

(iii) Sediment flux at disposal site.  

In this model, diffusion coefficients for horizontal exchange of momentum vary with the space.   

 

Dredge material from the surrounding area of proposed development of offshore facilities is 

initially collected in a hopper bottom dump barge without affecting the morphology/ecology of the 

adjacent area. It is proposed to dump the collected material at selected locations in the Gulf of 

Kutch at Kandla. The proposed disposal site is designated as Location DP and graphically 

shown in Fig.A6.1 and their geographical coordinates are discussed in below sections.  

 

Dredge Disposal location and Methodology  

 

The location of disposal dredge material has been selected based on the water depth and 

hydraulic flow characteristics. The disposal location is considered as Latitude (N)    : 220 47’ 

12.741” and Longitude (E): 700 02’ 56.910”. The dredge material is disposed within 1 km 

radius of the location. 

 

It was presumed that TSHD having the capacity of 5200 m3 hopper capacity will be deployed 

for dredging operations. Since, the channel is already dredged and maintained by KPT, having 

major portion of solids and very small portion i.e. <10% will have water mixed suspended 

particles. Hence, the volume of dredge material for each trip has been considered as 4000 m3 

and disposing at sea surface only. The total number of trips considered per month as 240 and 

total quantity of disposal material estimated as 0.96 Mm3 per month. Accordingly we have 

selected disposal period is 9 months in the year 2014 from January to September for 

simultaneous dredging and dredge disposal studies. It should also to be noted that the dumping 

is considered to be carried out during both ebb and flood Phase of the tide only.  
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6.4 Disposal of dredge material 

 

The estimated quantity of capital dredged material to be disposed is about 8.5 million m3 and  is 

proposed to be disposed in open water at the identified disposal location ”DP” within 1 km 

radius in a predetermined sequential manner through direct disposal method (hopper dredger). 

It is assumed that the capacity of the Trailer Suction Hopper Dredger (TSHD) used for dredge 

disposal will be 5200 m3. It was presumed that there will not be any disturbance / impact due to 

dredging activities at dredging site.  

 

As per estimation the TSHD capacity will have solids of 4000 m3 in the dredge spoil. The 

number of dumps required for disposing of the total dump material can be estimated as per 

above mentioned data. However as the dumps are to occur during the Ebb and Flood Phase 

therefore taking 60 numbers of floods and Ebbs each to occur in a month, the estimated 

quantity of 8.5 Mm3 will be disposed in nine months time. 

 

So the methodology for carrying out the modeling studies includes 8.5 million m3 of dredge spoil 

at identified location will be disposed at the site designated as DP over nine months. There will 

be eight dumps per day to be disposed during the two ebbs and floods at this site each having 

maximum volume of solids as 4000 m3. 

 

The computational runs have been made for the above data and the results of sediment 

concentration and bed level variations for various locations have been predicted. The results are 

discussed below. 

 

6.4.1 Dredge disposal at location DP for the proposed dredged quantity: 

 

The study domain for the dumping of dredge spoil from the dredging at Tuna, Kandla offshore 

facility is shown in Fig.A6.1 The domain is the same as used for hydrodynamic flow studies in 

chapter 4. (Fig.A2.1).  

 

The methodology selected for the dumping of the dredge spoil as shown in Fig.A6.2(a),(b),(c) 
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shows the dump timings for each dump, per day as well as month wise at and around 1 km 

radius of location DP on the tidal chart. 

 

Dispersion of Dredge material disposal 

 

The sediment concentration profile due to the disposal at location DP after every month from the 

start of the dumping to the end of dumping period is given in Fig.A6.3 to A6.12. It can be seen 

that the dispersion of the dumped material is observed to be spread on upstream as well as 

downstream of the location DP. As expected the sediment concentration is highest at the point 

of disposal location throughout the dumping period. From the figures it can be observed that the 

maximum concentration levels in at and around the dumping location varies between 3900 mg/l 

to 4400 mg/l.  

 

The total sediment concentration dispersion or plume is limited to 3 km either side in North East 

& South West direction of dump location. The computational run further continued after stopping 

the disposal of dredged material and observed that sediment maximum concentration levels are 

coming down as shown in Figs. 6.13 and 6.14. The sediment concentration will be spreading 

more in longitudinal axis than transverse direction. The sediment cloud will be Oscillating 

towards Okha and Navlakhi from DP (Disposal Location) depending on tide condition.  

 

The maximum distance that can spread the sediment concentration is about 3 km in longitudinal 

direction and 1 km in transverse direction either side of DP. Hence, there will not be any 

significant impact on marine environment due to disposal of dredged material at the selected 

location.  From the figures it can also be observed that the disposed material will not be back to 

the dredged channel since the longitudinal currents are stronger (1.6 m/s). The sediment plume 

concentration levels come down to attain the ambient values (120-130 mg/l) within 3.5 days 

after stopping the disposal of dredged material.  

  

Fig.A6.18 to Fig.A6.27 show the bed levels at and around location DP at the end of every month 

period starting from the start of dumping. It can be seen that the bed level change is limited to 

around 1.5 km either side of North East & South West direction of dumping location. It can be 
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seen that the bed level variation over the period of 9 months dumping is of the order of 0.21 m. 

The bed levels has not increased more than 0.21 m at any point of time after 9 months of 

dumping and it would be much less by spreading the dumping disposal point judiciously within 

the dump location so that  there will be no chance of the dump material forming a hump in the 

region. 

 

Impact on dredging zone 

 

The proposed approach channel and turning circles will be dredged to maintain the suitable 

depths for navigation. During the dredging operation, sediment mixed water will be pumped 

through suction pipe into its hopper. Once the hopper gets filled, the dredger will sail to the 

dumping site and disposed the material under water by bottom opening of the Hopper. During 

the dredging operation, the sediment dispersion will be localized, since the clay content will be 

less because of regular maintenance of approach channel and turning circles. 

 

The dredging site will not be effected by dredge disposal, since the sediment plume is attaining 

the ambient condition (Fig.A6.24) within 1.0 km in transverse and 3 km in longitudinal direction 

either side of disposal location(DP). 

 

Impact on shoreline morphology 

 

The process of dredging and dredged material disposal has been continued for 9 months as per 

the disposal procedure outlined in earlier section.  The results of sediment plume dispersion as 

well as bed morphology have been discussed in the above sections. In the project site, the flow 

is parallel to coast during flood and ebb tide condition. Since, the sediment plume is attaining 

the ambient condition within 1.0 km in transverse and 3 km in longitudinal direction either side of 

disposal location(DP), will have only localized effect near the proposed activities. Since, the 

hydraulic conditions are not modified by the proposed activities this will not have any impact on 

the shoreline morphology (Fig.A6.24). 
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7. CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the modeling study carried out to evaluate the flow regime and sedimentation 

processes and dredging & dredge spoil disposal at selected locations due to the development of 

offshore facilities at Kandla, Gulf of Kutch  the following conclusions can be drawn: 

 

Hydrodynamic Model 

• Modeling was carried out for 15 days period during October 2014 in the waters off Kandla 

using the available data on hydrological , meteorological and oceanographic data. 

• Simulation runs were carried out for various tidal conditions of neap and spring tides to 

determine the flow regime before and after development at Kandla. 

• The model generated tides are comparable to the actual observations. 

• The model has been run for various tidal conditions to study the hydrodynamic behavior and 

flow regime in and around the proposed development 

• It was predicted that there is no significant change in the flow regime due to the proposed 

development and the minor changes in the velocities predicted are very much localized and 

are confined to the proposed location only. No changes observed in the shoreline due to the 

proposed developments.  

 

For all the tidal conditions the impact on the flow regime seems to be not significant due to 

proposed development and due to dredging activities. 

 

 

Sediment Transport Modeling: 

 

• Simulation runs were carried out for various tidal conditions of neap and spring tides to 

determine the sedimentation processes before and after development at Kandla. 
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• The changes in the sedimentation processes for all tidal conditions seem to be not 

significant due to the proposed developments. 

 

• The erosion / deposition of silt/mud predicted in the vicinity of development (channel) is 

around 4 to 6 cm over a period of one month. 

 

• Dredging of approach channel does not seem to affect the flow regime and morphology in 
the study area in general.  
 

• The changes in the sedimentation processes for all tidal conditions and alignments 

considered for approach channel, the corresponding rate of sedimentation seem to be not 

significant due to the proposed development. 

 

Dredge disposal studies 

 

• The estimated quantity of capital and maintenance dredged material to be disposed is about 

8.5 million m3 ( 7.7 Mm3 capital dredging and 0.8 Mm3 maintenance dredging qty) and  is 

proposed to be disposed in open water at the identified disposal location ”DP” within 1 km 

radius in a predetermined sequential manner through direct disposal method (hopper 

dredger). It is assumed that the capacity of the Trailer Suction Hopper Dredger (TSHD) used 

for dredge disposal will be 5200 m3.  

 

• Dredge disposal modeling studies were carried out for 9 months with continuous disposal of 

dredged material at and around 1 km radius of selected location i.e. “DP” predicted the 

sediment plume dispersion and bed level changes at various time levels. Whereas, in DP 

the sediment plume moves towards north-eastern and south-western side of the Gulf and 

not reaching to the either southern and eastern coast of Gulf.  

 

• The maximum sediment concentration levels varies in between 3900 mg/l to 4,400 mg/l 

during disposal time at dump location.  

 

• It can be concluded from the model results that the disposed material will not be back to 

dredged channel and also concluded that sediment concentration levels come down to 
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attain the ambient values (120-130 mg/l) within 3.5 days after stopping the disposal of 

dredged material.  

 

• It can be concluded that the bed level change is limited to around 1.5 km either side of North 

East & South West direction from the dumping site. The bed level variation over the period 

of 9 months dumping is of the order of 0.21 m. The bed level has not increased than 0.21 m 

at any point of time after 9 months of dumping and it would be much less by spreading the 

dumping disposal point judiciously within the dump location so that  there will be no chance 

of the dump material forming a hump in the region. 

 

• From the results, it can be seen that DP location is more suitable for disposal of dredged 

material dumping since the spread of the dump material seem to be confined to smaller area 

(around 3.5 sq Km) compared to the relatively larger Gulf area.  After dumping of 8.5 Mm3 

dredged material continuously for 9 months, it can be concluded that there was no heap 

formed near to the dump location and also observed that the maximum rise of bed levels is 

about  21cm at the dumping location after 9 months.  

 

• After 9 months of disposal of dredged material, it can be concluded that no changes has 

been observed in the coastal morphology due to the disposal of dredged material.  
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8. REFERENCES 
 
 

• West coast of India Pilot, published by the hydrographer of the Navy 
 

♦ Carrying Capacity of Southern Gulf of Kutch Waters w.r.t  Accidental petroleum 
hydrocarbons discharge at SBMs  
Client: Bharat Oman Refinery Ltd., Mumbai  

 

♦ Integrated Management of Marine Environment of Gulf of Kutch 
Client : State Pollution Control Board, Gujarat 

 

♦ Accidental spill trajectory of Naptha and distillate2 
Client: Dhabol Power Corporation  

 

♦ Accidental spill trajectory and Optimum number of SBMs at Mundra, Gulf of Kutch 
Client: Gujarat Adani Ports  

 

♦ Decision support system in spill response, contingency planning and impact assessment for 
Mukta-Panna and Basin Oilfield, West coast of India. 
Client: Enron Oil & Gas India Ltd., Mumbai 
 

♦ Prediction of water quality parameters due to disposal of pollutant discharge into river Tapti. 
Client: Surat Municipal Corporation  
 

♦ Accidental spill trajectory of Crude Oil for IOC, at Vadinar, Gulf of Kutch 
Client: Indian Oil Corporation,  
 

♦ Accidental spill trajectory of Crude Oil and diesel for CPCL, at Nagapatinam 
      Client: Chennai Petroleum Corporation Ltd., Chennai  
 

♦ Prediction of water quality parameters and temperature variations due to effluent discharge 
into Dubai port, Mina, Jabal Ali, United Arab Emirates 
Client: Dubai port, Mina, Jabal Ali, United Arab Emirates 

 

♦ Prediction of Fate and Trajectory Modeling of Oil spills in and around offshore 
exploration/development areas of M/S Cairn Energy India Pty Ltd., Chennai 
Client: Cairn Energy India Pty Ltd., Chennai. 
 
 

♦ Oil Spill Risk Analysis and Contingency Plan for Chennai Petroleum Corporation Ltd., 
Nagapatinam 
Client : Chennai Petroleum Corporation Ltd.,  

 

♦ Oil Spill Risk Analysis and Contingency Plan for Hindustan Petroleum Corporation Ltd., 
Visakh Refinery 
Client: Hindustan Petroleum Corporation Ltd., Visakhapatnam  
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♦ Oil Spill Risk Analysis and Contingency Plan for Bharat  Petroleum Corporation Ltd., 
Mumbai 
Client: Bharat Petroleum Corporation Ltd., Mumbai  
 

♦ Oil Spill Risk Analysis and Contingency Plan for Bharat  Petroleum Corporation Ltd., Kandla, 
Gujarat 
Client: Bharat Petroleum Corporation Ltd., Kandla, Gujarat  

 

♦ Prediction of Fate and Trajectory Modeling of Oil spills in coastal waters 
Client: ONGC, GOA 

 

♦ Oil Spill Risk Analysis and Contingency Plan for Hazira Port Pvt. Ltd., Surat, Gujarat 
Client: Hazira Port Pvt. Ltd., HAZIRA, SURAT  

 

♦ Carrying out water quality modeling studies for environmental impact assessment of 
camburja canal, Goa 
Client: Sygenta Pvt. Ltd., Goa  

 

• Oilspill risk analysis and preparation of oilspill contingency plan for Paradip port, 
Bhubaneswar 
Client: IOCL, Bhubaneswar, Orissa 

 

• Oilspill risk analysis and preparation of oilspill contingency plan for Budge Budge port, 
Kolkatta 
Client: IOCL, Kolkatta, W.B 

 

• Oilspill risk analysis and preparation of oilspill contingency plan for Port Blair port, Andaman 
& Nicobar, 
Client: IOCL, Andaman & Nicobar 

 

• Design of effluent outfall location in Ravva platform and prediction of water quality 
parameters for  Cairn Energy Pty Ltd 
Client: Vimta lab, Hyderabad 

 

♦ Prediction of salinity and temperature variations due to thermal water discharges into the 
Gulf of Kutch, at Mundra. 
 Client: Adani Power Limited, Gujarat 

 

♦ Prediction of salinity and temperature variations due to thermal water discharges into the 
Gulf of Kutch, at Mundra. 
 Client: Coastal Gurarat Power Corporation Ltd., Gujarat 
 

♦ Stability of intake channel for thermal water discharges into the Gulf of Kutch, at Mundra. 
 Client: Adani Power Limited, Gujarat 

 

♦ Stability of intake and outfall channel for thermal water discharges into the Gulf of Kutch, at 
Mundra. 
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 Client: Coastal Gurarat Power Corporation Ltd., Gujarat 
 

 

♦ Prediction of salinity and temperature variations due to thermal water discharges into the 
River Hazira, at Hazira. 
 Client: Reliance Industries Ltd., Mumbai. 

 
 

• Oilspill risk analysis and preparation of oilspill contingency plan for HPCL, Vizag, 
Visakhapatnam.  
Client: HPCL, Vizag.  

 

• Modeling of flow regime and sedimentation processes due to the proposed port facilities in 
Kakinada bay. 
Client: National Institute of Oceanography, Goa.  

 

• Modeling of flow regime for the proposed channel at Kakinada Bay and to evaluate the 
sedimentation processes due to the deepening the channel  
Client: National Institute of Oceanography,RC, Mumbai.  

 

♦ Modeling of salinity and temperature variations due to thermal water discharges into the Gulf 
of Kucth, at Sikka. 
 Client: Reliance Industries Ltd., Mumbai. 

 

♦ Modeling of flow regime and sedimentation processes due to the proposed marine facilities 
for RIL expansion project at Sikka, Gulf of kucth, 

     Client: Reliance Industries Ltd., Mumbai. 
 

♦ Modeling of flow regime and sedimentation processes due to the proposed marine facilities 
for RIL expansion project at Sikka, Gulf of kucth, 

     Client: Reliance Industries Ltd., Mumbai. 
 

♦ Oilspill risk analysis and contingency plan for liquid cargo jetty at JNPT, Navi Mumbai 
Client: BPCL, Navi Mumbai 

 

♦ Modeling of flow regime to evaluate intake and outfall locations, oreintation of jetty, impact of 
the bund on the coastal morphology and ship navigation and mooring analysis 
Client: Adani Power Limited, Gujarat 
 

• Modeling studies to evaluate the effect of thermal discharge into the Gulf of Kachchh 
Client : CPCL (RIL), Kandla 

 

• Modeling of Outfall discharges into the Gulf at Salaya  
Client : Essar,, Sikka 
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• Oil spill risk analysis and contingency plan for all the operational facilities of BG exploration 
and production india limited and its associated operations with respect to oil spill in panna-
mukta oilfield 
Client :BG Exploration and production India Limited, Mumbai, 2007-08 

 

• Carrying out numerical modeling studies for the proposed marine facility in Malcom channe;, 
Dholera, Gulf of Khambhat 
Client : Adani Power Limited, Gujarat 
 

• Carrying out Hydraulic modeling  studies for water waterfront development plan(WDP) – 
Mundra  
Client : Adani Power Limited, Gujarat 

 

• Mathematical modeling for dilution/dispersion of treated wastewater from proposed common 
effluent treatment plan in Old Mundra port creek, Mundra 
Client : Adani Power Limited, Gujarat 

 

• Mathematical modeling for dilution/dispersion of power plant cooling tower blowdown and 
desalination plant discharge in Kotdi-II creek for project. 
Client : Adani Power Limited, Gujarat 

 

• Numerical modeling studies for reclamation for RIL expansion project at Sikka, Gulf of kucth, 
 Client: Reliance Industries Ltd., Mumbai. 

 

• Oilspill risk analysis and preparation of oilspill contingency plan for JNPT, Navi Mumbai, 
Mumbai  
Client: National Institute of Oceanography, Goa 
 

• Oilspill risk analysis for Cairn Energy PTY LTD operations in Okhamadi, Gulf of Kachchh, 
Gujarat 
Client: National Institute of Oceanography, Goa 
 

• Oilspill risk analysis and preparation of oilspill contingency plan for GSRL Refinery, Mundra, 
Gulf of Kachchh 
Client: National Institute of Oceanography, Goa 
 

• Disposal of saline and warm water into Gulf of Kutch at Kandla for CPL, Kandla, Gulf of 
Kachchh 
Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for GAPL-Coal Jetty, Mundra, Gulf of Kachchh 
Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for Sedimentation processes due to discharge of silt waters into Gulf of 
Kachchh at Mithapur, TCL-Mithapur 
Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for MEGL disposal of  saline and warm water into Amba River 
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Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for Salinity and Temperature variations due to disposal of thermal 
effluents Visa Power- Pipava, 
Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for Salinity and Temperature variations due to disposal of thermal 
effluents , Nirama Cement-Mahuva 
Client: National Institute of Oceanography, Mumbai 
 

• Modeling studies for RIL disposal of saline and warm water into Sikka. 
Client: National Institute of Oceanography, Mumbai 

•  
Modeling studies for ESSAR disposal of  warm water into Tapi estuary 
Client: National Institute of Oceanography, Mumbai 

 

• Disposal of saline and warm water into Gulf of Kutch at Kandla for CPL, Kandla, Gulf of 
Kachchh 
Client: National Institute of Oceanography, Mumbai 

 
Scientific Simulation Softwares Installed: 
 

• Hydrodyn-AIRSOFT,  A computer software for prediction of air quality parameters in the 
atmosphere under various meteorological conditions 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-POLSOFT,  A computer software for prediction of water quality parameters in the 
surface water under various environmental conditions 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-POLSOFT,  A computer software for prediction of water quality parameters in the 
surface water under various environmental conditions 
Client: National Institute of Oceanography, Regional Centre,Mumbai. 
 

• Hydrodyn-OILSOFT - A computer software for prediction of fate and transport of oil spills 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-OILSOFT - A computer software for prediction of fate and transport of oil spills 
Client: Ciarn Energy Pty Ltd., Chennai, India. 
 

• Hydrodyn-OILSOFT - A computer software for prediction of fate and transport of oil spills 
Client: B G Exploration, Mumbai, India. 
 

• Hydrodyn-OILSOFT - A computer software for prediction of fate and transport of oil spills 
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Client: National Institute of Oceanography, Regional Centre,Mumbai. 
 

• Hydrodyn-SEDSOFT - A computer software for sedimentation processes and 
morphological changes in the estuarial network system. 
Client: National Institute of Oceanography, Regional Centre,Mumbai. 
 

• Hydrodyn-SEDPLUME - A computer software for sediment plume dispersion in  deep water 
system. 
Client: National Institute of Oceanography, Goa. 
 

• Hydrodyn-ECOSYS - A computer software for ecosystem modeling study in the costal area. 
Client: National Institute of Oceanography, Regional centre, Cochin. 
 

• Hydrodyn-QSOFT  e-Questionnaire Software for e-learning in environmental training  
programmes  
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-ELSAP e-Learning Software for Air Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-ELSWP e-Learning Software for Water Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-ELSNP e-Learning Software for Noise Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-ELSRA e-Learning Software for Risk Analysis of Oil Spills 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-ELSSAP e-Learning Software for Soil Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-RACPGWP A computer software for prediction Risk Assessment and 
Contingency Planning for Ground water Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
 

• Hydrodyn-RACPNP A computer software for prediction Risk Assessment and Contingency 
Planning for Noise Pollution 
Client: Institute of Petroleum Safety, Health Environment Management, ONGC, Betul, 

Goa 
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• Hydrodyn-OILSOFT - A computer software for prediction of fate and transport of oil spills 
Client: Reliance Industries Limited, Navi Mumbai. 
 

• Techno Feasibility Study for the Development of Ro- Ro Jetty at Dahej SEZ, Gujarat , 
DHI 

252



Numerical modelling studies for predicting the impacts on the flow regime & morphology due to the 

proposed dredging and disposal of dredged material at tuna, kandla, gulf of kutch  

 

 

Adani Kandla Bulk 
Terminal Private 
Limited,Tuna.  

Annexure-I 
Rev.No:   01 Dt: 16th Oct 2015 

Doc No:  ENVR 2015-016-R1 
Page No:  47 

 

 
Fig.A1.1 Terrain features of study domain of Gulf of Kutch (Large / global domain) 

 
Fig.A1.2 Computational grid for the large / global domain 
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Fig.A1.3 Interpolated depth contours (bathymetry) 
 

 
 
Fig.A1.4 Boundary Tides (m) at Okha (August 2012) 
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Fig.A1.5  Comparison between predicted tide and model computed elevations (tides, m) at  

at  22 28 23.1 N  69 46  46.9 E (580212.81 E  2485400.86 N) 
 
 

 
Fig.A1.6 Comparison between predicted and model computed current speed (m/s) and direction 

at  22 28 23.1 N  69 46  46.9 E (580212.81 E  2485400.86 N) 
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Fig.A1.7 Simulated tides at a typical neap Peak Flood during August 2012 

 
Fig.A1.8 Simulated currents at a typical neap Peak Flood during August 2012 
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Fig.A1.9 Simulated tides at  a typical neap Peak Ebb during August 2012 

 
Fig.A1.10 Simulated currents at a typical neap Peak Ebb during August 2012 
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Fig.A1.11 Simulated tides at  a typical spring Peak Flood during August 2012 

 
Fig.A1.12 Simulated currents at  a typical spring Peak Flood during August 2012 
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Fig.A1.13 Simulated tides at  a typical spring Peak EBB during August 2012 

 
Fig.A1.14 Simulated currents at  a typical spring Peak EBB during August 2012 
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Fig.A2.1 Terrain features of study region showing the observed tide and current locations 
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Fig.A2.2 Computational FEM grid for the study domain 

 
Fig.A2.3(a) Contours of computed bathy depths (m)- Before Development 
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Fig.A2.3(b) Contours of computed bathy depths (m)- After Development 

 
Fig.A2.4  Western open boundary tide (October 2014.) 
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Fig.A2.5(a) Comparison of computed and observed tides. 

 
Fig.A2.5(b) Comparison of computed and observed speed and direction - Validation 
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Fig.A2.6 Simulated tides (at 18/10/2014 05:20) during neap tide - (LW) Before Development 
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Fig.A2.7 Simulated tides (at 18/10/2014 05:20) during neap tide - (LW) After  Development 

 
Fig.A2.8 Simulated currents (at 18/10/2014 05:20) during neap tide - (LW)  Before Development 
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Fig.A2.9 Simulated currents (at 18/10/2014 05:20) during neap tide - (LW) After  Development 
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Fig.A2.10  Simulated tides(at 18/10/2014 07:40) during neap tide - (PF)  Before Development 

 
Fig.A2.11  Simulated tides(at 18/10/2014 07:40) during neap tide - (PF)  After Development 
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Fig.A2.12 Simulated currents (at 18/10/2014 07:40) during neap tide - (PF) Before Development 
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Fig.A2.13 Simulated currents (at 18/10/2014 07:40) during neap tide - (PF) After Development 

 
Fig.A2.14 Simulated tides (at 18/10/2014 12:10) during neap tide – (HW) Before Development 
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Fig.A2.15 Simulated tides (at 18/10/2014 12:10) during neap tide – (HW) After Development 
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Fig.A2.16 Simulated currents (at 18/10/2014 12:10) during Neap tide - (HW) Before Development 

 
Fig.A2.17 Simulated currents (at 18/10/2014 12:10) during Neap tide - (HW) After Development 
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Fig.A2.18 Simulated tides(at 18/10/2014 14:10) during neap tide - (PE) Before Development 
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Fig.A2.19 Simulated tides(at 18/10/2014 14:10) during neap tide - (PE) After Development 

 
Fig.A2.20 Simulated currents (at 18/10/2014 14:10) during Neap tide - (PE) Before Development 
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Fig.A2.21 Simulated currents (at 18/10/2014 14:10) during Neap tide - (PE) After Development 
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Fig.A2.22 Simulated tides (at 25/10/2014 22:30) during Spring tide - (LW) Before Development 

 
Fig.A2.23 Simulated tides (at 25/10/2014 22:30) during Spring tide - (LW) After Development 
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Fig.A2.24 Simulated currents(at 25/10/2014 22:30) during Spring tide -(LW) Before Development 
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Fig.A2.25 Simulated currents(at 25/10/2014 22:30) during Spring tide -(LW) After Development 

 
Fig.A2.26 Simulated tides (at 26/10/2014 00:40) during Spring tide - (PF) ) Before Development 
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Fig.A2.27 Simulated tides (at 26/10/2014 00:40) during Spring tide - (PF) ) After Development 
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Fig.A2.28 Simulated currents (at 26/10/2014 00:40) during Spring tide  (PF) Before Development 

 
Fig.A2.29 Simulated currents (at 26/10/2014 00:40) during Spring tide  (PF) After Development 
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Fig.A2.30 Simulated tides (at 26/10/2014 05:20) during Spring tide - (HW) Before Development 
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Fig.A2.31 Simulated tides (at 26/10/2014 05:20) during Spring tide - (HW) After Development 

 
Fig.A2.32 Simulated currents (at 26/10/2014 05:20) during Spring tide (HW) Before Development 
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Fig.A2.33 Simulated currents (at 26/10/2014 05:20) during Spring tide (HW) After Development 

 

282



Numerical modelling studies for predicting the impacts on the flow regime & morphology due to the 

proposed dredging and disposal of dredged material at tuna, kandla, gulf of kutch  

 

 

Adani Kandla Bulk 
Terminal Private 
Limited,Tuna.  

Annexure-II 
Rev.No:   01 Dt: 16th Oct 2015 

Doc No:  ENVR 2015-016-R1 
Page No:  77 

 

Fig.A2.34 Simulated tides (at 26/10/2014 07:20) during Spring tide - (PE) Before Development 

 
Fig.A2.35 Simulated tides (at 26/10/2014 07:20) during Spring tide - (PE) After Development 
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Fig.A2.36 Simulated currents (at 26/10/2014 07:20) during Spring tide - (PE)Before Development 
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Fig.A2.37 Simulated currents (at 26/10/2014 07:20) during Spring tide - (PE) After Development 

 
Fig.A2.38 Difference in current speed between before and after developments Neap tide (LW) 
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Fig.A2.39 Difference in current speed between before and after developments Neap tide (PF) 
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Fig.A2.40 Difference in current speed between before and after developments Neap tide (HW) 

 
Fig.A2.41 Difference in current speed between before and after developments Neap tide (PE) 
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Fig.A2.42 Difference in current speed between before and after developments Spring tide (LW) 
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Fig.A2.43 Difference in current speed between before and after developments Spring tide (PF) 

 
Fig.A2.44 Difference in current speed between before and after developments Spring tide (HW) 
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Fig.A2.45 Difference in current speed between before and after developments Spring tide (PE) 
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