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5 NUMERICAL MODELING OF FLOW

HPCL in association with Shapoorji Pallonji group is proposing to 

 construct a LNG jetty at Chhara, Dist: Gir Somanath. They came out with two 

 options in designs of breakwater and its marine facilities. As the proposed 

 developments involve construction of a longer breakwater and approach  trestle 

bridge to obtain the suitable draft and a shorter breakwater and approach trestle 

bridge (Figure 5.1.1). 

The flow model is to be run to predict the flow regime changes in the 

domain due to the development works being undertaken. Sediment transport 

model will be run to predict the bed level changes due to the proposed 

development activities. The study of flow conditions is prerequisite to understand 

the sediment transport. For this, a numerical model - FLOSOFT is applied. This 

model study predicts the flow regime for the conditions, i.e. as existing (before 

any of the proposed development activities have been taken up) and after the 

development (after proposed jetties, dredging / reclamation etc are put in place). 

SEDSOFT is coupled with FLOSOFT to predict the consequent sediment 

patterns of erosion and deposition due to the dredging / reclamation / 

development activities. 

5.1 Hydrodynamic model  

Basic governing equations 

The basic governing equations of flow are solved numerically for 

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: 

Continuity equation
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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; = water elevation with respect to mean sea level,

H = total water depth at any instant.

Model description

Dedicated software Hydrodyn-FLOSOFT & 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 has been used. 

Model setup and calibration

Model studies were carried out for large domain (or global domain). The 

domain with the existing facilities (before any of the contemplated development) 

is termed as the domain before development (BD). The study domain 

incorporating planned facilities covering all the developmental activities 

envisaged is termed as the domain after development (AD1 for option1 and AD2 

for option 2). 

This global domain (Figure 5.1.2) was selected between the UTM 

coordinates of 2265435.7500 N to 2305698.2500 N and 638840.562500 E to 

705790.12500 E comprising Muldwaraka and Chhara ports. The general layout 

of the global domain selected for the study is as shown in Figure 5.1.2 for the 

before development (BD) condition.  
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The bathymetry is selected from the recent hydrographic chart 

incorporating refinements from the bathymetry data for the project area (NHO 

Chart No 206). The interpolated bathymetric depth contours before development 

is shown in Figure 5.1.3. The maximum depth observed is around 44.5m in the 

model domain. 

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 contours vary from 0.001 

m to 0.005 m. In the present study constant Manning’s roughness coefficient is 

considered. The computational runs have been carried out with different sets of 

the manning roughness coefficients to get the predicted output of tides and 

currents in the domain. From the series of computational runs, the Manning 

coefficient which gives the predicted values of currents and tides matching with 

the measured values at the calibration point is taken (manning coefficient of 0.15) 

to be the constant manning coefficient for predicting flow regime in the smaller 

domain.  

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.  Tides are imposed at the open 

boundary. The input tides imposed for the model boundary is shown in Figure 

5.1.4. 

Model calibration

The sensitivity analysis has been carried out with various sets of variable 

bed roughness coefficients as explained above, which are the combined effect of 

d50 sediment size and bed configuration in order to calibrate the model with 

respect to of April 2014 tide and current at Chhara. 
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Comparisons have been made between the observed and predicted 

values of water levels and currents at Chhara and are shown in Figures 5.1.5 & 

Figure 5.1.6 respectively. From the figures, it can be seen that the values match 

closely and the variation between the model predicted and field 

measured/observed values is within the acceptable limits. Thus it can be taken 

as that the model is calibrated and validated.  

Using the constant roughness coefficient as selected in the validation, 

simulation runs have been carried out. The model runs have been carried out for 

a period of 15 days (April 05 to April 20, 2014) covering both the spring and neap 

tide conditions to obtain an insight into the basic hydrodynamic behavior of the 

study domain. 

Modeling of tides and currents

The model clearly reproduces the tidal variation at various locations all 

over the study domain. The typical tidal velocities for Peak Flood  and Peak Ebb  

of spring tides for the cases of existing and after development condition have 

been generated. The results predicted are discussed in detail in the following 

sections. 

The currents during spring tide peak flood conditions, before development 

and after proposed development option 1 and option 2 are shown in Figure 5.1.7 

to Figure 5.1.9. It can be observed that flow is eastward. It can be seen that the 

maximum current speed at the proposed jetty head location is about 0.8 m/s. 

There is no significant change in the flow regime as can be inferred from the 

figures.  There is no significant change in the flow regime in the rest of the 

domain except for a slight change in the current speeds at the break waters in 

option 1 and option 2 are shown in the Figure 5.1.10 and Figure 5.1.11.  The 

maximum variation in the domain is found at the western end of the proposed 

breakwater and the magnitude is 0.25 m/s.  

The currents during spring peak ebb condition before and after 

development are shown in Figure 5.1.12  to Figure 5.1.14.  Westward flow can 

be observed from the figures at the proposed jetty head location and currents are 
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around 0.5 m/s. There is no significant change in the flow regime in the rest of 

the domain except for a slight change in the current speeds at the breakwater 

area in option 1 and option 2 as show in the Figure 5.1.15 and Figure 5.1.16.  

The maximum variation in the model domain is found at western end of proposed 

breakwater. 

Impact on flow regime and flow circulation 

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 options. Currents were stored at several location for 

comparison as shown in the Figure 5.1.17.  Figure 5.1.18 shows the currents at 

different observation points comparing the cases of existing and proposed 

development option-1. Similarly Figure 5.1.19 shows the currents comparing the 

cases of existing and development option 2. It can be seen that there is no 

impact on flow regime due to the proposed development of Jetty facilities in the 

Chhara  but small variation (0.2 m/s) noticed at some localized areas at the jetty 

areas and around the break water facilities located and the adjoining region 

(development option-2 & option-1). There is no change in the general flow regime 

in the rest of the domain. The changes observed in the flow regime are mainly in 

the current directions which are local and limited to the high water conditions. 

5.2   Sediment Transport Modeling

Numerical approach to sediment (cohesive and non-cohesive) transport 

modeling studies

This chapter presents the setting up of sediment transport model and 

simulation of the existing sediment transport conditions for estimating the 

sediment deposition for various hydrodynamic 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 straight forward 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 



48

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. 

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 ambient sea water

Bed sediment grain size and settling velocities

Changes in the depth contours due to the proposed construction of

breakwater

This information was used to specify the initial distribution of sand/silt/mud

(limiting it to the intertidal areas) in the numerical modeling simulations. 

Sediment transport simulation

Simulation of sediment transport in the study area (Figure 5.1.2) was 

carried out with the Hydrodyn-SEDSOFT for various tide conditions of April 

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. 
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Following simulation of the sediment transport under existing conditions, 

the model was adjusted to include the effects of the bathymetry changes etc., 

due to the proposed development. The simulation runs were carried out for the 

large domain and the results are separately reported for the Chhara region. 

Sediment erosion scenarios before and after development 

The model predicted values for the rate of erosion for various tidal 

conditions are discussed below. 

The instantaneous rate of erosion for existing, after development option 1 

and option 2 in the study domain during spring tide peak flood condition  are 

shown in Figure 5.2.1 to Figure 5.2.3. The maximum rate of instantaneous 

erosion in the model domain is 3.0x10-3 Kgm-2s-1for the existing condition which 

slightly increases near break water for option 1 and option 2. 

Figure 5.2.4 to Figure 5.2.6 show the instantaneous rate of erosion for 

existing, after development option 1 and option 2 in the study domain during 

peak ebb condition. The maximum rate of instantaneous erosion in the model 

domain is 9.0x10-6 Kgm-2s-1for the existing condition and also increased slightly 

near break water for option 1 and option 2. 

The sediment erosion rates continuously recorded at different observation 

points set up around the proposed developments in the model run (Figure 

5.1.17) are shown in figure 5.2.7  (a), (b) and (c) comparing the cases of 

existing scenario and option 1. Figure 5.2.8 (a) (b) and (c) compare the 

changes between existing scenario and option 2.  

It can be seen that the change or variation in the erosion rate is very small 

and order of 10-5 and is limited to the vicinity of the breakwater edges and in 

between piles of Jetty (Observation points 5,8,12, 21 and 24 in the case of 

option 1 and Observation points 5,8,12,21 and 24  in the case of option 2) and 

no appreciable change observed in the rest of the observation points.  
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Sediment deposition before and after development 

The model predicted values for the instantaneous rate of deposition for 

different tidal conditions are discussed below. 

Figures 5.2.9 to 5.2.11 show instantaneous rates of deposition around the 

proposed developments in the study domain for the existing, after development 

option 1 and option 2  during neap low water. It can be noticed from the figures 

that there is no significant change in the instantaneous deposition rates in the 

domain during neap low water condition. The maximum rate of instantaneous 

deposition in the model domain in all the three cases is 1.44x10-7 Kgm-2s-1  and 

found at breakwater and some patches at jetty location. 

Figures 5.2.12 to 5.2.14 show the instantaneous rates of deposition for 

existing scenario, after development option 1 and option 2 in the study domain 

during high water neap. It can be observed from the figures that there is no 

significant change in the instantaneous deposition rates in the domain during 

this period. The maximum rate of instantaneous deposition in the model domain 

in all the three cases is 2.00x10-8 Kgm-2s-1 and found at western breakwater. 

The sediment deposition rates continuously recorded at different 

observation points set up around the proposed developments in the model run 

(Figure 5.1.17) are presented in Figure 5.2.15(a), (b) and (c) to compare the 

erosion trends in existing scenario and option 1. Figure 5.2.16 (a), (b) and (c) 

compare the changes between development option 2 and the existing condition. 

It can be seen that the change or variation in the deposition rates is limited to 

the vicinity of the jetty and near break waters and no significant change was 

observed in the rest of the domain.  

The rates of instantaneous erosion in option 1 & 2 showed an increase 

near edges of breakwater and shallow waters in upstream direction of the jetty 

head. 
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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. 

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.  

Figure 5.2.17 to  5.2.19 give the bed level variations after 15 days for 

existing scenario, after development of option 1 and option 2.  The erosion 

/deposition process in the existing scenario indicated a maximum deposition of 

5.0 cm over 15 days in the study domain. Figure 5.2.18 and Figure 5.2.19 show 

the variation in bed level after development with option-1 and noticed that bed 

level lowered by around 6.5 cm over 15 days simulation at the starting and 

ending of breakwaters and rest of the domain bed level increases by around 1.3 

cm due to deposition. Figure 5.2.20 and Figure 5.2.21 show the difference in 

bed levels before and after development with Option-1 and Option-2. 

The bed level changes computed continuously, from the instantaneous 

erosion and deposition rates recorded at different observation points set up 

around the proposed developments in the model run (Figure 5.1.17) are 

presented in Figure 5.2.22 (a), (b) and (c) to compare the existing and 

development option-1. Figure 5.2.23 (a), (b) and (c) compare the changes in the 

scenarios of existing and development option2 over a period of 15 days. 

From the figures, it can be inferred that at the observation points 3, 4, 10 

and 11 did not show any change in bed levels as compared to the existing 

scenario.  

In the scenario of option 1 of the development which involved a long 

breakwater with Jetty limited erosion was indicated at the observation points 1, 

2, 6,11,13,14,15,21,and 22. A maximum of 10cm erosion was indicated at 13, 

14and 15.  Depositional trends were observed at observation points 5, 
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7,8,12,16,17,18 and 23. The maximum deposition of 8-15 cm occurred at the 

points 23 and 24 situated in the edges of the intertidal mud flats away from the 

jetty head.  

In the scenario of option 2 of the development which involved a short 

break water and trestle bridge construction trivial erosion was indicated at the 

observation points 13,14 and 15. A maximum of 10cm erosion was indicated at 

observation point 14.  Depositional trends were observed at observation points 

5, 7,8,12,16,17,18 and 23. The maximum deposition of 8-12 cm occurred at the 

points 23 and situated in the edges of the intertidal mud flats away from the jetty 

head.  

From the above study, it is concluded that the bed level changes are 

confined to the breakwater and jetty head.  Hence the impact of construction of 

jetty and breakwaters is not expected on the shoreline changes.   

5.3  Oil Spill Modeling Studies

The prediction of fate and transport of oil spill is playing major role in the 

oil spill risk assessment study.  The spill trajectory is computed based on the 

resulting forces due to surface water currents and wind speed on the spill. The 

following sections describe the numerical results of oil spills obtained for various 

meteorological and tidal conditions and quantification of risks associated with 

the oil spill. 

A dedicated software Hydrodyn-OILSOFT for understating fate and 

transport of oil spills in the rivers, seas and estuaries has been developed by 

Environ Software (P) Ltd, Bangalore. The same domain selected for the flow 

modeling (Hydrodynamic modeling studies) has been selected for the oil spill 

studies also. The enhanced portion of the model domain selected for the study 

is shown in Figure 5.3.1 showing the location of the suggested spill points for 

LNG Vessel.  

The modeling was carried out by coupling the oil spill model with the 

hydrodynamic model. Several runs have been made and results were stored for 
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every hour. The computational runs were carried for the following scenarios 

discussed in the following sections. 

Spill locations

The following spill locations were considered for the present study. 

SP1: 200 42’ 44.049” N; 700 43’ 56.444” E  

SP2: 200 42’ 04.037” N; 700 44’ 38.067” E  

SP3: 200 43’ 38.82” N; 700 42’ 13.067” E  

It is considered that LNG cargo vessels contain HSD as fuel.  In case of 

any accident, a fuel of 10 t is dumped in to the sea.   

Oil type

Studies were carried out for the spills of HSD 

The following characteristics of HSD are used in the study: 

Specific Gravity    : 0.845 

Viscosity, cst        : 76 

Boiling range, 0 C        : 200 - 350     

Heat of evaporation, (105 x J/Kg) : 4.65 

Weather conditions

Meteorological data: Chhara  in Gujarat 

Tides: From simulation studies 

Atmospheric temperature: 300 C 

Results of Scenarios 

Knowledge of probable movement of an oil slick gives a distinct 

advantage while planning response strategy.  Thus for instance, no major 

clean-up operation is necessary if the modeling results indicate that the spilled 

oil would remain at sea thereby sparing the shore ecology.  On the contrary, if 

modeling results are suggestive of shoreward drift of spill and predict that 

particular ecologically sensitive or important areas would be hit, effective 

counter measures, such as deployment of booms for containment and recovery 

of oil by skimmers, can be effectively taken.   
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Spills at SP1, SP2 & SP3 locations 

The model has been run for predicting the fate and trajectory of 10t of 

HSD spill – instantaneous spill of 10 t of HSD separately at the three locations 

SP1, SP2 and SP3. (Figure 5.3.1). Figure 5.3.2 to Figure 5.3.4  show the oil 

spill trajectory for the spills at S1 S2 and S3 during the premonsoon and Figure 

5.3.5 to 5.3.7 show the oil spill trajectory for the spills at S1 S2 and S3 during 

the SW Monsoon and Figure 5.3.8 to 5.3.10 show the corresponding 

trajectories for spills during postmonsoon. 

It can be seen that the HSD spills at SP1, SP2, SP3 during premonsoon, 

monsoon  conditions move towards north-northeast due to the prevailing 

currents and winds and will be reaching the coast within 3 hours. During the 

Post monsoon the spill at SP1, SP2, SP3 move towards South direction and will 

not be reaching the coast.  

The behavior of slick movement is more or less similar irrespective of 

quantities of oil spilled.  The area of oil spread differs depending on the source 

quantity. It can be observed from the figures that nearly 15%-20% of oil is lost 

due to various weathering processes during their travel on sea till they reach 

the coast/ domain boundary.  

Table 5.3.1 gives the oil weathering statistics for the oil spill scenario 

studied. In case the oil trajectory reaches the shore, the location and the time 

taken to reach the shore has been depicted in the table. The table also gives 

the predicted length of the coast affected by the oil spill reaching the shore. The 

table indicates that the coastline affected during pre and monsoon seasons 

range from 1 to 2 km in eastern part of the jetty.  The spill would reach the coast 

in the time ranging from 2.5 to 6 hours.  During northeast monsoon period, the 

spill would move offshore. 
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6 POTENTIAL MARINE ENVIRONMENTAL IMPACT FOR LNG TERMINAL

 The proposed LNG terminal envisages construction of a jetty with berthing 

facilities for deep sea ships and associated structures, a breakwater for 

handling of LNG. The main operation will involve unloading of LNG from a ship 

and transferring it to cryogenic storage tanks through cryogenic pipelines, 

regasification of LNG and transporting regasfied LNG to customers through 

pipelines. Hence, potential adverse impacts on marine ecology can arise during 

the construction as well as the operational phases of the terminal. However, in 

this report, the impact of construction LNG Jetty will be studied. 

Construction phase

 Construction of the jetty and associated marine structures in the subtidal 

and intertidal areas will cause localised destruction of habitats due to physical 

interference and can also cause certain indirect effects such as changes in 

stabilised pattern of littoral transport due to modified circulation pattern which 

may alter the prevailing erosional/accerational trends along the shore. 

Enhanced level of suspended load due to the dispersion of the bed sediment 

during piling, dredging, trenching, movement of vessels and machinery etc may 

result in reduction in photosynthesis. 

 Ambuja cement jetty is situated at about 11 km from the proposed site. 

Barges with 4 m draft operate in the region.  The mother vessels use the 

Veraval-Diu channel for their navigation.  Since the jetty is sufficiently away 

from the proposed site, the impact on the coastal water can be neglected. 

 The construction activities related to construction of piles and the laying 

the subsea pipeline, apart from causing destruction of the habitats due to 

physical disturbance, can also cause certain indirect effects such as the 

changes in the circulation pattern and littoral transport and an increase in 

turbidity of the water column. These impacts  are closely linked with the 

methodologies adopted for construction and the duration of construction. 

Long term erosion/accretion processes associated with these proposed 

constructions have been studied in section 5.2. Subtle changes along the 
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shoreline configuration of Muldwaraka -Madwad appears to be negligible due to 

these developments. 

Physical processes

 The jetty and the approach would be supported on piles allowing 

adequate flow of water without significant obstruction. Hence the jetty is unlikely 

to grossly influence circulation in the coastal region as well as the littoral 

transport to grossly influence the shoreline geometry though the bund may 

contribute to small local modifications. 

Water quality

 Dredging, trenching, backfilling, rock dumping and pipe laying activities 

have a high potential to increase the turbidity due to increased rate of dispersal 

of fine grained bed sediment in the water column. The region already has low 

levels of suspended load (section 4.3) as bottom is rocky.  The DO as well as 

the BOD levels may potentially be altered and the concentrations of trace 

pollutant in water could increase because of release of sediment interstitial 

water exposing the biota to relatively high levels of pollutants if the sediment is 

inherently contaminated. The discussion under section 4.4 however supports 

low levels of Corg and natural levels of metals in the seafloor sediment. Hence, 

their dispersion in the water column is unlikely to influence the water quality 

adversely except for generation of high turbidity. Hence, the overall impact 

during the construction phase on water quality be localised and minor. 

 The construction of 1250 m long and 1120 m long jetty would have 

measurable impacts on the general water quality of the area, partially due to the 

movement of a large number of vessels involved in the construction/rock 

dumping and also due to the construction itself. Due to extend period involved 

in the construction (approximately 33 months), the impacts would prevail over a 

longer duration. 

Sediment quality

 Construction activities related to dredging, trenching, backfilling and 

resettling of sediment may lead to changes in sediment may lead to changes in 
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sediment texture in localised areas particularly along the intertidal segments. 

However, these changes would be minor and nonconsequential to the overall 

sediment quality of the area.  

Biological characteristics

 The most likely impact during construction phase would be on the subtidal 

and the intertidal habitats which could be temporarily destroyed along the 

pipeline route and other marine structures during to driving of piles, dredging, 

trenching, rock pumping and pipelaying activities. Moreover, if the dredge spoil 

spreads over nearby areas under the prevailing high tidal excursion (section 

4.2), the biota there would also suffer accordingly. Overall damage in the region 

however would be localised, temporary and reversible and recovery would be 

fast once the construction phase is completed. Moreover, the region sustains 

low density of biotic communities and hence damage to marine biota would be 

small. 

 The proposed construction activities related to LNG terminal consisting of 

jetty and associated pipeline would have both negative and positive impacts on 

benthic habitats and marine benthos at the construction site. Total number of 

piles in phase I would be 226x3 and it would be 87x2 in phase II.  Each pile dia 

would be 1.2 m.  Hence area that affected by the construction would be 767 m2 

in phase I and additional 197 m2 in phase II. The estimated loss of 

macrobenthos due to proposed activities is given in Table below.  

Phase Area
(m2)

Biomass
(kg/m2)

Population
(x105)

Phase 1 767 5.7 8.1 

Phase 2 963  7.2 10.1 

This estimate is based on the prevailing benthic potential discussed in 

section 4.5. The project would involve a total loss of 5.7 kg (wet wt) of biomass 

and 8.1 x 105 of population of macrobenthos in phase I. In case of phase II, 

loss of biomass and population would be 1.4 kg and  2.0x 105 respectively.  The 

major loss of macrobenthos would be due to pipelaying and breakwater 

construction activities. The intertidal zone affected due to jetty construction is 
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very small. The loss of macrobenthos at the foot print of the piled structures 

would be permanent. However, these marine structures would provide 

additional surface area for selected benthic organisms, like barnacles, to habitat 

the affected segment. In this way, the available area for settlement of benthos 

would be 2.5 ha in Phase 1 and additional 0.5 ha in Phase II.  The area 

available for the macrobenthos to grow in the new pile area would be 30 times 

more as compared to the loss of macrobenthos in the footprint of the piles.  The 

damage to benthos along the pipeline corridor would be temporary and benthos 

would re-habitate at the affected segment in about 2-3 years after the 

construction phase. Hence the permanent lose of the benthic habitat due to the 

project implementation would be minor and would not have any measurable 

impact on macrobenthic productivity of the region. 

Operational phase

 Possible marine environmental implications during the operational phase 

are associated with the leakages of LNG during loading and unloading, release 

of wastes generated by ships as well as at the port terminal and large scale 

releases of cargo, fuel, chemicals etc due to accident involving ships. 

Ship traffic and accidents

In well managed ports the leakages during normal operations of pumping 

are nearly eliminated. However, under certain rare abnormal unloading 

situations or due to defective components LNG under transport may be spilled. 

The spilled LNG would quickly evaporate and the impact on marine ecosystem 

would be insignificant. However, the major fear of such a leakage would be 

fire/explosion. The leakage of LNG can occur in the following scenarios. 

(a) Leakage in transit

The leakage of LNG during transit through specially designed tanks are 

used for running ships machinery and releases to the atmosphere are 

negligible. 
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(b) Collision, grounding

The LNG is not carried in the ship hold as conventional oil tankers do with 

liquid cargo. The double walled spheres are mounted on the ship with adequate 

distance from the hull. In case of a collision the chances of the impact reaching 

the spheres are rare. Hence, the LNG transport is relatively safer than any other 

petroleum product. 

(c) LNG pumping

At the LNG terminal, LNG would be unloaded in liquid form and pumped 

through pipelines to the cryogenic storage tanks. Before pumping, the LNG 

would be gassified on ship board regasification terminal and subsequently the 

natural gas would be pumped through the pipelines. Thus in an event of 

leakage only natural gas would leak out and spread over the water as a layer 

between the air-sea interphase. The gas would expand with incorporation of 

heat from the sea surface and the atmosphere. Hence, a marginal reduction in 

sea surface temperature over a wider area can result. The LNG layer over the 

sea surface, however, would be prone to fire. Since regasification of LNG would 

be done by utilizing heat of industrial water, no cold water discharge to the sea 

is envisaged. 

Accidents due to ship collision and grounding are rare but damage caused 

can often be serious. Only HSD is considered for assessment since, as said 

earlier, LNG is unlikely to adversely influence the marine ecology. Major 

concern during the operational phase of the LNG terminal would be the large 

releases of LNG and spillages of HSD from the ships fuel holds in case of an 

accident, that might occur and contaminate the marine environment. Severity of 

Impacts on the marine ecology due to HSD would depend on the quantity 

spilled and the location of spill. 

The study on oil spill modeling (Section 5.3) indicates that the spill of HSD 

at terminal site would  move offshore during non-monsoonal season while it 

would reach the eastern coast of Chhara during monsoon.  The coastline 

affected would be ranging from 1 to 2 km. 
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The traffic of deep sea vessels in the region  is confined to the 16 km long 

navigational from main channel of Muldwaraka and Diu to the proposed LNG 

jetty. The deep-sea ships visiting the proposed port complex would be using 

this channel. The LNG terminal is expected to be operational by 2018.  The 

probability of accidents for the following situations are considered. 

 In terms of number of deep sea ships, the major traffic in the region is 

due to the proposed  port. A total traffic of 81 in phase I and 145 in

phase II deep-sea ships is expected. This number however excludes 

coastal vessels such as fishing trawlers, barges, tugs etc, the traffic of which 

is not substantial in the region. Moreover, accidents involving such vessels 

would not result in large scale environmental degradation. Since ships 

visiting Muldwaraka, Veraval, and Diu ports along the western shore of the 

channel use a different navigational channel, they are not considered for 

assessing collision and grounding frequencies. 

i) Ship collision frequency

 Frequency of ship collision is governed by the frequency of ship encounter 

and the probability of a collision, given an encounter. From the records of 

accidents maintained at several major ports worldwide it has been considered 

that collision frequency is proportional to the square of the traffic density and is 

directly proportional to the number of encounters. Causality statistics 

maintained at UK ports indicate that collisions involving ships account for 7% of 

all accidents and represent 0.024 for every 1000 ship movements. Assuming 

that this statistics is applicable to the region and taking movements of 162 in 

phase I and 290 in phase II of deep-sea vessels the probability of an accident 

works out to be one in every 257 y for phase I and 142 y for phase II. 

ii) Ship grounding frequency

Bulk release of cargo can result if ship goes a ground rupturing cargo 

holds. Channel length and its width are the major factors controlling grounding. 

The ships are vulnerable to grounding in long and narrow channels particularly 

those which have several bends. From grounding incidents at several ports it 

has been considered that the channel length to width ratio gives a good 
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indication of probability of encountering a grounding obstruction. The grounding 

frequency increases with increasing length of the channel and decreases with 

increasing width for a given length. 

The grounding frequency may therefore be expressed as 

GF = K x L / W 

    Where GF = grounding frequency 

L = channel length 

W = effective channel width 

K = constant (normally taken as 1 x 10-5 per movement) 

 The channel between the 30 m contour to the  LNG terminal would have a 

length of about 16 km and an average width of 0.5 km. Hence, probability of a 

deep-sea ship grounding at the present traffic level is one in 20 y in phase I and 

11 y in phase II. 

Product spillages

a) LNG

Transport of LNG by LNG carriers is considered safe and bulk spillages 

due to ship accidents are extremely rare. The LNG vessels carry quantities of 

HSD and FO required to supplement the running of the machinery over the 

leaked LNG. These holds should be sufficiently separated from hull to avert 

spillage of the POL products to sea in case of grounding/collision. 

However, the spillage of HSD into the sea in case of a LNG ship collision 

with an oil tanker or a cargo ship cannot be ruled out due to the possibility of 

damage to the vessel colliding with LNG carrier. 

LNG which has a boiling point of -1600 C at atmospheric pressure is a 

liquified gas stored at low temperature. As the ambient temperature of water is 

relatively high, LNG would evaporate as soon as it spills out. LNG is very 

buoyant having a density of 0.45 gm/cc and hence in case a leak occurs under 

the water, it tends to surface very quickly. The ambient seawater temperature is 

very high compared to boiling point of LNG and hence it expands. The pressure 

exerted by 20 m column of seawater is far less than the pressure under which it 
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has to be kept in liquid state. Hence, the buoyancy would steadily increase as it 

reaches the surface within a fraction of minute and would spread over a larger 

area and quickly evaporate. Hence, the impact of LNG spill is negligible in the 

water column as it would be dispersed over a larger area. 

The adverse impact posed by LNG spill would be the reduction of 

temperature of the surrounding water. With a specific gravity of 0.45, specific 

heat of 0.5 cal/g and 120 kcal/kg of latent heat, 1m3 LNG would need 95625 

kcal of heat energy to reach ambient temperature. Whereas, 1m3 of seawater at 

300C can supply 4733.7 kcal with reduction in its temperature by 50C.  Hence 

20 m3 of water would be required to increase the temperature to the 250C level. 

Since gassified LNG only will be transported through pipelines latent heat need 

not be considered. In which case about 10 m3 of seawater would be required for 

450 kg of LNG to attain a temperature about 50 less than ambient temperature. 

 Gassified LNG would quickly surface due to it buoyancy and tend to 

spread on the surface as a layer between the water surface and over lying 

atmosphere.  Since the specific heat of the overlying atmosphere would be 

negligible, bulk of the heat be derived from water leading to thermal circulation 

and the cooled surface water would sink and new water would take its place. 

Hence, the overall impact on the ecology would be negligible since the 

temperature of water is unlikely to fall substantially to influence the biota.  
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7  MITIGATION MEASURES & EMP

It is important that certain decisions are taken and implemented beginning 

with the planning stage itself so that the risk factors during the construction and 

operational phases are reduced to a minimum to protect the marine ecology 

from anthropogenic shocks. 

Design considerations

The design and operating philosophy of the LNG terminal should be "No 

leak" under normal operating situation which if deviates beyond the preset 

norms, the pumping should stop automatically till normal conditions are reset. It 

should be ensured that internationally accepted codes and practices are 

followed for designing the unloading arms and the pipelines and their 

compliance should be guaranteed through proper inspection, frequent 

evaluation and intensive testing of all critical components. Similarly, the 

vulnerable units such as unloading arms, hoses, fittings, valves, flanges, 

couplings etc should be rigorously tested and certified for their integrity and 

reliability. 

Spills at jetties are often associated with leakages at hose couplings 

butterfly valves, hose bursts etc. It is therefore important that the state-of-the-art 

hoses with break-away couplings both tested above the operating pressure are 

included in the design. Isolation valves should be provided in the pipeline 

design. 

Construction Phase

It is evident from section 4 that the coastal region of Chhara is not 

ecologically very sensitive and serious marine environmental impacts are 

unlikely to occur during the construction phase (section 5.1). Nevertheless, 

certain precautions are warranted to minimize the impacts on the nearshore 

ecology. Apart from the disturbance caused by the construction process itself, 

the coastal ecology suffers additional stresses if the construction time is 

prolonged which invariably the case when executing marine infrastructural 

projects, if not carefully planned. Hence, the key factors in minimizing adverse 

impacts would be the reduction in construction period and avoidance of 
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activities beyond the specified geographical project area which should be kept 

to a minimum.  Hence, as a part of the management strategy, it is important that 

various activities are well-coordinated and optimized to avoid time over-runs 

and to complete the project within an agreed time schedule. This would need 

advance planning and coordination between agencies executing the contracts. 

Pretreatment to the pipes such as coating, concreting etc and other 

fabrication jobs should be undertaken in a yard on land located sufficiently away 

from the high tide line and the transfer of materials to the site should be through 

a predecided corridor. Similarly, the movement of construction barges, ships, 

machinery etc should be restricted to the predecided operational area. 

However, the region should not be crowded with too many vessels and 

construction machinery to avoid accidents and subsequent spillages of 

materials and fuel.  

A large number of laborers and other personnel would be involved in the 

construction phase. Temporary colonies of the work force etc should be 

established sufficiently away from the high water line and proper sanitation 

including toilets and bathrooms should be provided to the inhabitants to prevent 

abuse of the intertidal area. Sewage and other wastes generated in these 

settlements should not be released to the sea.  

The operational noise level should be kept to a minimum particularly in the 

nearshore region through proper lubrication, muffling and modernization of 

equipment. 

Often after completion of the job work, the contractor vacates the area 

without undertaking general clean-up etc. It should be ensured that the intertidal 

and supratidal areas are restored to their contours after the constructions are 

completed. General clean-up along the corridor adjacent areas and intertidal 

and subtidal regions should be taken-up and extraneous materials such as 

drums, sacks, metal scrap, ropes excess sediment, make shift huts and cabins 

should be cleared from the site. 

Operational Phase
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It is important to identify the risks involved during terminal operations to 

take adequate measures in the event of an accident. Hence, an integrated 

comprehensive risk assessment study of the proposed installations should be 

conducted and finding used to formulate a disaster management plan. 

LNG Handling

The major concern during operations is the spillage of LNG and HSD due 

to ship accidents. Although spillage of LNG would not cause serious adverse 

impact on the marine environment, there would be considerable risk of 

fire/explosions. It is established beyond doubt that the human factor remains to 

the cause of about 90% of accidents leading to spillages at terminals. Training 

people to work safely and efficiently is therefore vital. Mooring officers, pilots, 

operators and crew of the terminal, shore pumping station and storage tank 

should be trained adequately in day to day operations as well as handling 

emergency situations. It must be impressed upon them that each individual 

engaged in the operation of the terminal has responsibility for safety. Special 

emergency drills should be conducted under the supervision of an expert 

terminal operator. Crises exercises should be designed and used in actual drills 

to ensure readiness of the staff at any given emergency situation. 

It must be ensured that clear protocols for operations of integrated set-up 

of berthing a LNG carrier, connections to the unloading arm, pumping of LNG, 

operations of valves etc are evolved well advance. Likewise, safety procedures 

and responses required if an emergency arises should be freely available to the 

operational staff. 

Another consideration in preventing spills is the provision and regular 

testing of not only emergency shutdown devices but also the components 

vulnerable to fatigue or failure. Hence, it should be ensured  that auto-shut off 

valves, couplings, unloading arms, pumps, pipelines etc are periodically 

inspected for their integrity and to guarantee their proper functioning in an 

emergency. Accurate records of all inspections, unusual findings, actions taken 

etc must be scrupulously maintained as a part of the overall record system. 
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Entire pumping operation should be continuously monitored for which 

state-of-the-art electronic devices should be used and pumping should 

automatically stop if pre-set optimum conditions are exceeded. Pumping should 

be commenced only after optimum conditions are reset. Provision for an 

effective and reliable communication between the LNG carrier and shore 

terminal should be made to avoid ambiguities and time delays in reacting if 

abnormal situation arises during pumping. 

Adequate technology and machinery should be selected after thorough 

review to minimize the escapement of cargo during loading/unloading. 

Even with a carefully chosen technology, cargo spillage, sometimes, occur 

at the ports, majority of which are due to human error or negligence. To 

minimize such accidents, operational protocols and safety procedures should 

be printed and made freely available to the concerned staff. The employees 

should be adequately trained to inculcate a high level of competence not only in 

day to day operations but also during emergency situations. Periodic refresher 

courses should also be organized to maintain the level of their competence. 

Traffic management

Large spills are often associated with tanker disasters. Although the 

probability of a tanker collision off Chhara is not expected, the influence of wave 

action cannot be neglected. Adequate precautions are necessary to minimize 

the risks of large spills. 

Feasible means of reducing the frequency of ship encounters is to 

introduce a traffic control scheme such as segregation of lanes with adequate 

separation distances and constant monitoring either physically or through 

remote operated instrumentation. The provision of a vessel traffic service and 

the presence of pilots on tankers would reduce the risks of an accident. Further, 

adequate navigational aids such a marker buoys should be installed to indicate 

the channel as well as separation distances. These positions should be clearly 

marked on navigational charts and made available freely. Sand bars and other 
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submerged obstacles, rocky outcrops etc in the vicinity also should be marked 

on the charts. 

GMB or any other authority should be identified to plan and implement a 

programme aimed at safe navigation off Chhara. Under MARPOL 1973-78 

discharges from oil from tank washings, ballast, bilge and bunker fuel bottoms 

by ships to marine environment is prohibited. However, proper surveillance 

should be introduced to enforce the convention as a part of the overall 

environment management strategy. 

Wastewater management

The domestic wastewater and sewage generated at the port terminal 

should not be released in the region even after treatment. Use of treated 

wastewater for developing greenery around can be environment friendly 

solution. Collection and disposal of oily wastes, sewage and garbage from 

coastal vessels including tugs should also be adequately addressed. 

Adequate vigilance is also required to ensure the adherence of ships to 

MARPOL (1973/78) protocol and related regulations to prevent clandestine 

releases. 

Oil pollution combating strategy

Accidental spillage of petroleum and other liquid products occasionally can 

occur and proper spill response strategy is necessary to minimize impacts on 

marine environment. 

The ship traffic is predicted to increase several folds over the next decade. 

Since the tankers carrying petroleum products and bulk chemicals is expected 

to form a significant percentage of the traffic it is necessary to evolve a proper 

strategy to combat, should an accident occur leading to large spillages. It is 

therefore desirable to evolve a Oil Spill Disaster Contingency Plan for the 

Chhara region. This plan should then be integrated with the National OSDCP. 

Common practice to fight petroleum spills is to contain the oil by deploying 

booms and recover the oil-water mixture using skimmers. However, the highly 
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dynamic coastal environment of the Chhara precludes the use of booms. In 

rough weather it is generally not feasible to deploy booms to a surround a spill 

with the intention of collecting it through skimmers since wave action and 

currents in excess of 0.5 m/s reduce the efficiency of contaminant booms 

significantly. Furthermore, a floating skimmer tends to suck more water than oil 

when the sea is rough. 

Sorbent  booms or pads which cause the lighter hydrocarbons to adhere 

to the fibre material filling of the boom may be included in the inventory of spill 

combating equipment since such boom are the only practical means of 

removing small spills. Such booms have been tested with success in the North 

Sea and are now being at several oil terminals. Adequate arrangement should 

also be made to collect the recovered oil-water mixture for subsequent transport 

to the shore for separation of hydrocarbons and final disposal of the oily 

residue. 

Chemical dispersants are often favoured to disperse hydrocarbons when 

contaminant and recovery are inefficient. Although various classes of 

dispersants are available, concentrate or self-mix type are usually favoured. 

However, it is absolutely essential to test the toxicity of dispersants selected for 

storage and use by choosing selected sensitive aquatic organisms from the 

area. It must be realized that the efficiency of dispersants greatly decreases if 

their application is delayed since they are not effective on high boiling 

hydrocarbons. Hence, they should be used within 1 h of occurrence of a minor 

spill. Sometimes it is ecologically beneficial to allow a minor spill of lighter 

petroleum to weather naturally than spray dispersants.  

Mangrove Afforestation

Even though mangroves are not present at the vicinity of the 

proposed LNG jetty, it is suggested to  to implement afforestation of

mangroves in the surrounding regions of Chhara to maintain ecological 

balance.  At the Chhara region, mangrove plantation is not possible as 

soil and geography of the region is not suitable for the growth of mangroves.  

Mangroves are present in the Madhwad region in the east.  In the west, 

mangroves are present at 
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Muldwarka creek.  Hence it is suggested that afforestation can be carried out in 

these regions.   





 

 

 

 

 

 

 

 

Annexure 3  

 

Environmental Monitoring Documents 



























 

 

 

 

 

 

 

 

Annexure 4 

 

Letter from Principal Chief Conservator of Forests (PCCF) 

to Simar Port Pvt. Ltd. (SPPL) 

(in response to SPPL letter to PCCF attached in Annexure 2)  





 

 

 

 

 

 

 

 

Annexure 5  

 

Construction Site Photographs  



HPCL SHAPOORJI ENERGY PVT. LTD.  EC COMPLIANCE REPORT 

  
Water Sprinkling to control dust Emergency DG Set at Construction Site 

  
Boundary Fencing at Construction Site 
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Safety awareness training and meeting at 

Construction Site 

Safety Signboard at Construction Site 

 
 

Drinking Water at Construction Site COVID-19 Safety Signboard at Construction 
Site 

 

 




