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We are pleased to submit the final report titled "Study of Oil Spills in the Ennore Region," prepared as part of

our research collaboration with Chennai Petroleum Corporation Limited (CPCL). This report presents a

comprehensive comparative analysis of the oil spill incidents that occurred in the Ennore region in 2017 and

2023, with a specific focus on the volume, extent, and environmental impact of each event.

Furthermore, the study includes an assessment of tank integrity at CPCL using Ground Penetrating Radar

(GPR) technology. This analysis provides insights into potential vulnerabilities and helps in enhancing

preventive measures for future incidents.

We appreciate the opportunity to contribute to CPCL's efforts in environmental protection and operational

safety. We hope that the findings and recommendations in this report will be valuable for future

preparedness and mitigation strategies.

Please find enclosed the final report for your perusal. Should you require any further clarifications or

discussions on the study, please feel free to contact us.

We look forward to your feedback and continued collaboration.

Sincerely,

Dr. Rajesh R Nair 
Professor, Petroleum Engineering Programme
Geomechanical Laboratory 
Faculty Sponsor for SPE IIT Madras Chapter 
Department of Ocean Engineering, IIT Madras 

डॉ. राजेश आर नायर
�ोफेसर, पे�ो�लयम इंजी�नय�र�ग काय��म
भूयां��क�य �योगशाला 
एसपीई आईआईट� म�ास चै�टर के �लए संकाय �ायोजक
महासागर इंजी�नय�र�ग �वभाग, आईआईट� म�ास

Department of Ocean Engineering, Indian Institute of Technology Madras
Chennai - 600036

I I T  M A D R A S

IC & SR Building,  Indian Institute of Technology Madras
Chennai - 600036

Subject: Submission of Final Report on "Study of Oil Spills in the Ennore Region"

To
Mr. K. Rajasekaran
GM (HSE)
Chennai Petroleum Corporation Limited (CPCL)
Chennai 600018

Prof. Rajesh Nair
Principal Investigator
Department of Ocean Engineering
Indian Institute of Technology Madras
Chennai – 600036

1

Karthikeyan Elambharathi
Annexure - R1



Page 1 of 55 
 
 
 

Final Report  
 

 
 
 

on  
 
 

 

Study of Oil Spills in 
Ennore Region 

 
 
 

 
 
 

Date: 19.03.2025 
 
 
 
 
 
 
 
 
  

Submitted By, 
 
Prof. Rajesh R Nair  

Principal investigator of the project  

Petroleum Engineering Team 

IIT Madras 

Submitted To, 
 

Chennai Petroleum  

Corporation Limited 

Chennai-600018 

 

2



Page 2 of 55 
 
 
 

                                                        

Executive Summary 

Cyclone Michaung caused continuous rainfall during the night of December 3, 2023, which persisted for 

approximately 36 hours in Chennai, affected areas such as the Manali Industrial Area (MIA) and Ennore. 

Due to the heavy downpour, water was discharged from the Poondi and Puzhal reservoirs near Chennai on 

December 4, 2023. This aggravated the waterlogging and flooding conditions in MIA and resulted in oil 

spill in the Ennore Creek region. 

CPCL shared the reports of a IIT Madras, National Centre for Coastal Research (NCCR), National Institute 

of Oceanography (NIO), The Energy and Resources Institute (TERI) and Tamil Nadu Pollution Control 

Board – report filed in NGT to study and requested comments on the report. The above reports are enclosed 

as Annexure to this report. 

➢ IITM CE report - Submitted in NGT in Sep-24 by TNPCB – Annexure-1 

➢ National Centre for Coastal Research (NCCR) – Submitted to TNPCB & CPCL – Annexure-2 

➢ National Institute of Oceanography (NIO) – Submitted to NGT in Sep-24 by TNPCB– Annexure-3 

➢ The Energy and Resources Institute (TERI) - Submitted to NGT in Sep-24 by CPCL– Annexure-4 

➢ Tamil Nadu Pollution Control Board – report filed in NGT in Feb-24– Annexure-5 

CPCL also intended to carry out an assessment of oil quantity occurred during Dec’ 23 Michaung cyclone 

through a scientific way and also a comparison study on the Oil spill incident occurred during the ship 

Collision incident in Jan 2017 with the Dec 2023 incident and approached IIT, Madras. In addition to the 

above, CPCL requested to carry out the integrity study of petroleum storage tanks.  

This report encapsulates the findings from the study of two significant oil spills in the Ennore region, 

occurred in 2017 and 2023. This investigation is focused on estimating the spatial extent and volume of 

contamination, performing a comparative analysis of the incidents. 

The analysis leveraged Sentinel-1 SAR and Cosmo-SkyMed imagery, processed through the Sentinel 

Application Platform (SNAP), employing techniques like radiometric calibration, texture analysis, and 

change detection to map spill extents and estimate volumes using reflectivity-based models correlating 

SAR backscatter values to oil film thickness. 
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Evaluating the structural integrity of storage tanks through Ground Penetrating Radar (GPR) was carried 

out. GPR is a non-destructive testing (NDT) method that can help detect subsurface anomalies, such as 

corrosion, voids, and structural weaknesses, in storage tank floors and foundations. 
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1 Observations & Findings 

 
A. Based on the review of the IITM Civil Engineering report, National Centre for Coastal 

Research (NCCR), National Institute of Oceanography (NIO), The Energy and Resources 

Institute (TERI) and Tamil Nadu Pollution Control Board reports observations and 

comments by IITM Petroleum Engineering team are given below: 

1. Total Petroleum Hydrocarbon (TPH) content in water is very high in IIT Madras CE report 

(280 – 7210 mg/lit) compared to TNPCB, NCCR, NIO & TERI reports (0.0277 – 3.9 mg/lit). 

This may be due to random sampling. (Pl refer page No.: 17 of this report) 

2. Total Petroleum Hydrocarbon (TPH) content in sediments is very high in IITM-CE report 

(13,600 – 46,550 mg/Kg) compared to NCCR, NIO and TERI reports (5.84 – 1830 mg/Kg). 

Oil estimation by IITM-CE using such higher TPH values in sediments resulted in huge 

quantity of oil. This is due to extrapolation of TPH content, taking sample at few concentrated 

locations and applying the same for the entire area.  Refer assumption 1 in page no. 29 of this 

report (Pl refer page No.: 17 & 18 of this report)  

3. Oil being a lighter component /low density, tends to float over the surface of water. Settling & 

percolation of oil in the sediment requires longer duration. TPH value of IITM CE report in the 

range of 13,600 – 46,550 mg/Kg is unrealistic. (Pl refer page No.: 17 & 18 of this report) 

4. The effects due to preexisting TPH values due to urban runoff, domestic discharge and also 

through other anthropogenic activities have not been considered in the IITM-CE report 

5. Estimation of oil quantity using TPH values of NIO, NCCR & TERI is around 0.34 to 12.9 

Tons of oil (Pl refer page No.: 18 & 19 of this report) and the values of these reports are 

consistent with the present oil estimation through satellite image study viz. 14.48 MT. (pl refer 

page No 35 of this report). However, wide variance is observed in estimation of oil quantity 

by IITM – CE report (517 MT). 

517 MT of oil in sediments is a case of over-estimation, arrived due to higher TPH value 

reported in the IITM CE report. TPH value has been taken at certain concentrated locations 

and extrapolated for the entire area. Oil quantity estimated on this basis is not an appropriate 

method.  

On the other hand, Satellite image captures oil quantity (14.48 MT) based on the 

thicknesses spread across the area. Oil estimation based on the Spatial Distribution will be 

more accurate  
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6. IITM-CE report has identified 30 Nos of open reservoirs as the main source of oil spill.  Based 

on the field visit to CPCL and google map coordinate study it is confirmed that 13 open 

reservoirs are not inside CPCL and belong to other companies. (Pl refer page No.: 20 - 21 of 

this report) 

7. Out of 30 open reservoirs, IITM-CE pointed out 12 reservoirs as the main source of oil spill. 

However, it may be noted that: 

➢ 2 of these reservoirs are outside CPCL and belong to other companies.  

➢ 8 reservoirs are used as raw water reservoirs, storm ponds, Guard Pond, Fire water 

ponds for storing oil free water only  

➢ 2 reservoirs are above ground and are used for storing sediments.  

 

8. Apart from the above, IITM-CE report has considered numerous assumptions, as listed below 

and are not based on true measurements, as detailed in this report.  

 
➢ Assumption 1: TPH content estimated in discrete points was considered as 

average TPH and used to calculate oil quantity for the entire area (IITM CE report 

page No: 26, Annexure-1). 

➢ Assumption 2: Uniform thickness (0.1 mm) was assumed for entire residential 

and industrial area without any basis. (IITM CE report page No: 30, Annexure-

1).  

➢ Assumption 3: Depth of oil estimation in pool was assumed as 1 mm without 

any measurement and applied uniformly to all the area. (IITM CE report page 

No: 28, Annexure-1) 

➢ Assumption 4: 10,000 sq.m of oil pool was arbitrarily considered in mangrove 

area and another 10,000 sq.m of oil pool near pipelines.  

➢ Assumption 5: Area calculated based on the oil marking height & length of the 

mangrove tree area, is unscientific as the mangroves will have branches & space 

between trees etc. The report considered the whole area like a wall and arrived 

at the area. (IITM - CE report page No: 32, Annexure-1) 

➢ Assumption 6: The report has erroneously assumed 0.01 mm oil thickness over 

the mangrove trees. (IITM - CE report page No: 32, Annexure-1) 
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➢ Assumption 7: Assumption of oil layer of 10 mm without any basis in open 

reservoir tanks. (IITM - CE report page No: 36, Annexure-1). 

Oil estimation based on such assumptions would always leads to erroneous value.  

 

B. Observation and findings of estimation of oil quantity & comparison of 2017 ship collision 

incident through satellite images are furnished below. 

1. Based on the satellite image of 29th Jan 2017, it is confirmed that the 2017 oil spill, caused by 

a collision near the Ennore port, resulted in a dense oil slick extending over 197 KM2 and 

impacting more than 60 KM of coastline with a volume of approximately 223.5 cubic meter 

(178.8 MT) 

This is consistent with the established reports of 194 MT from published articles and confirms 

that Satellite based estimation methodology, as a suitable and reliable tool.   

2. On similar lines, Satellite image  estimation was carried out for 2023 oil spill. Based on the 

satellite image of 6th Dec 2023, oil spill triggered by cyclone Michaung affected 1.81 KM2 in 

the stretch from Manali Industrial Area to Ennore Creek area. The quantum of oil assessed 

through the satellite image in the Buckingham canal, Kosasthalaiyar river and nearby area 

shows spillage of 18.1 cubic meters (14.48 metric Tons). 

3. Extent of spillage & quantity assessed through satellite image above clearly indicates that the 

quantum of oil spill in ship collision incident occurred in Jan 2017 is much higher than Dec’23 

incident. 

 
C. Observation and findings of GPR study on tank integrity. 

1. IITM-CE Department have indicated that breach of oil from storage tanks could be one of the 

source of oil spill. (page No.: 36 of IITM-CE Report- Annexure-1).  

In order to ascertain the Integrity of the Tanks, Five critical Tanks were chosen on random 

basis for the GPR study. Based on tank integrity study using GPR (in Tanks 106, 119, 121, 

801 & 802) carried out by IIT – PE, the structural integrity remains sound, with no signs of 

material degradation.  

2. Physical verification of the tanks and scrutiny of Maintenance & Inspection (M&I) records of 

storage tanks maintained by CPCL revealed that all the tanks are in good condition. 

In conclusion, the following inference are drawn: 
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A. TPH values of IITM CE report are abnormally high and resulted in higher estimation of 

oil quantity. Further source validation was not also reflecting real scenario  

B. Based on the analysis of satellite images in 2017 & 2023 & the field survey carried out, it 

is concluded that the quantum of oil spill is estimated to be 18.1 cubic meters (14.48 metric 

tonnes). 

C. CPCL tanks are intact and there are no oil leaks observed from the tanks. 
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1 Introduction 
This report encompasses the review of following reports and details furnished by CPCL regarding the Oil 

spill incident: 

➢ IITM CE report - Submitted in NGT in Sep-24 by TNPCB 

➢ National Centre for Coastal Research (NCCR) – Submitted to TNPCB & CPCL 

➢ National Institute of Oceanography (NIO) – Submitted to NGT in Sep-24 by TNPCB 

➢ The Energy and Resources Institute (TERI) - Submitted to NGT in Sep-24 by CPCL 

➢ Tamil Nadu Pollution Control Board – report filed in NGT on 27.02.24    

Our team has reviewed the above referred reports and also conducted field visit to CPCL.  During field visit 

the open reservoir were inspected and utilisation of reservoirs were physically verified. Using the 

coordinates of the open reservoir given IITM CE report, the location all reservoirs were reverified.  

Further, this report details the investigation of two major oil spills associated with Ennore region, occurred 

in 2017 and 2023. The primary objectives of the study include estimating the spatial extent of oil spill, 

determining the volume of oil released, and conducting a comparative analysis of the two oil spill events. 

The investigation also involves assessing tank integrity using Ground Penetrating Radar (GPR) to identify 

any structural weaknesses that may have contributed to leakage. Existing reports, field data, and analytical 

results have been synthesized to provide a comprehensive overview of the current status of the study. 

The 2017 Ennore oil spill occurred outside the Kamarajar Port in Ennore near Chennai. The spill occurred 

on 28 January 2017 when an outbound empty tanker BW Maple collided with an inbound loaded oil tanker 

Dawn Kanchipuram at 04:00 local time.  

Cyclone Michaung brought persistent rainfall to Chennai during the night of December 3, 2023, lasting for 

around 36 hours and impacting regions including the Manali Industrial Area (MIA). Subsequently, water 

was released from the Poondi and Puzhal reservoirs on December 4, 2023. This measure exacerbated the 

existing waterlogging and flooding issues in MIA, leading to an oil spill in the Ennore Creek area. 
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To assess the extent of the spill, Sentinel-1 SAR (Synthetic Aperture Radar) imagery acquired on January 

29, 2017, was analysed to quantify the volume of spilled oil of 2017 incident. Additionally, Sentinel-1 SAR 

imagery of January 17, 2017, prior to the incident, was acquired and analysed to establish a baseline. The 

Ennore region was selected as the focal area due to the severity of the spills. Sentinel-1 SAR and Cosmo-

SkyMed satellite imagery were utilized to delineate the spills spatial extent and assess their temporal 

evolution. 

Both historical data and industry standards to design an appropriate methodological framework were 

considered while checking the integrity of tanks. Key aspects include the use of remote sensing and GIS 

techniques for mapping the spill areas, the analysis of tank records to estimate released volumes, and a set 

of GPR surveys to evaluate the condition of storage tanks at the facility. A particular emphasis has been 

placed on the GPR method due to its non-destructive nature and its ability to produce high-resolution 

images of the subsurface. GPR operates by transmitting high-frequency electromagnetic waves into the 

ground, which are then reflected back to the receiver upon encountering materials with different dielectric 

properties. By interpreting the time delay and strength of the reflected signals, it is possible to detect buried 

features or anomalies that may indicate corrosion, cracks, or structural voids. List of tanks shared by CPCL 

is attached as Annexure- 6 In the context of this study, GPR was employed specifically to examine steel 

storage tanks—namely Tank No. 106, Tank No. 119, Tank No.120, Tank No. 802, and Tank No. 801—to 

verify whether they had suffered corrosion, cracking, or other forms of degradation that could have 

contributed to the oil spills. These tanks are chosen randomly among the tank list provided.  

The sections that follow detail of the study overall methodology, summarize findings to date, and present 

conclusions regarding the spills impact and the condition of the storage tanks. The findings of this report 

build on established methodologies and leverage advanced tools to provide actionable insights. 

2 Methodology 
2.1 Methodology of reviewing of IITM-CE report & others reports 
CPCL has furnished the following Ennore Oil Spill reports to review the same and provide comments: 

• IITM CE report – Assessment of Ennore Oil Spill during Michuang Cyclone - Submitted in NGT 

in Sep-24 by TNPCB 
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• NCCR – Report on Impact of Oil Spill in Ennore Creek post cyclone Michuang - Submitted to 

TNPCB & CPCL 

• NIO – Pilot Studies for assessing Environmental Benefits for cleaning / bio remediation of oil 

spillage - Submitted to NGT in Sep-24 by TNPCB 

• TERI - Assessment of environmental quality of oil spill due to cyclone Michaung - Submitted to 

NGT in Sep-24 by CPCL 

• TNPCB – report filed in NGT, Southern Zone on 27.02.24 

 

IIT – Madras Petroleum Engineering team has reviewed the above reports and compared the TPH values 

of all reports. The team has carried out both field survey & desk study.  

 

2.2 Spatial Extent and Volume Estimation 

Remote sensing offers several methods for oil spill detection, including optical imaging, thermal infrared 

sensing, and Synthetic Aperture Radar (SAR). Among these, SAR-based detection is considered more 

precise and effective due to its all-weather, day-and-night capabilities, allowing it to penetrate clouds and 

fog. SAR-based oil spill estimation methodology employed in this analysis is widely accepted and utilized 

in numerous publications globally, demonstrating its robust and established nature. Optical imaging is 

limited by cloud cover and daylight availability, while thermal infrared sensing is highly influenced by 

atmospheric conditions and often struggles to differentiate between oil and other temperature anomalies on 

the water's surface. 

Satellite imagery from Sentinel-1 SAR and Cosmo-SkyMed was processed using the Sentinel Application 

Platform (SNAP). This software enabled radiometric calibration, speckle filtering, and oil spill detection 

through texture analysis and image differencing techniques. SAR data from January 17th January and 29th 

January, 2017, captured the 2017 spill, while satellite data on November 20th and December 6th, 2023, 

documented the 2023 spill. 

To enhance data accuracy, radiometric corrections and geometric terrain corrections were applied. Texture 

analysis using Gray Level Co-occurrence Matrix (GLCM) differentiated oil slicks from other low-

reflectance features, such as calm water or ship wakes. Spill volumes were estimated by correlating SAR 

backscatter values with empirical oil thickness models. 
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2.3 Dataset and Tool 

Sentinel 1 is a constellation of two radar-equipped satellites, Sentinel-1A and Sentinel-1B, launched by the 

European Space Agency (ESA) as part of the Copernicus program. They orbit Earth at an altitude of around 

693 km, capturing data continuously day and night, regardless of weather conditions. 

Cosmo-SkyMed, Italy’s constellation of four radar-equipped satellites, offers a high-resolution, versatile 

window into Earth’s hidden details. Unlike its cousin Sentinel-1, COSMO-SkyMed boasts multiple 

imaging modes and advanced features, making it a premier choice for scientific research, environmental 

monitoring, and even defence. applications. 

Sentinel Application Platform (SNAP) 

The Sentinel Application Platform (SNAP) is a powerful software for processing and analysing Synthetic 

Aperture Radar (SAR) data from satellites like Sentinel-1, COSMO-SkyMed, and ALOS-2, offering 

advanced tools for detecting and estimating oil spills in ocean and land environments. By leveraging SAR's 

sensitivity to surface roughness, SNAP highlights oil slicks through enhanced visualization features, 

including brightness, contrast, and colour adjustments, which make dark areas on water surfaces—the 

primary indicator of oil spills—more discernible. Its texture analysis tools, such as the Gray Level Co-

occurrence Matrix (GLCM), enable differentiation of oil slicks from other dark features like wakes or land 

shadows by assessing their unique smoothness and homogeneity. These capabilities, combined with time-

series analysis to track spill evolution, make SNAP an indispensable tool for environmental monitoring and 

effective oil spill management. 

Dataset Description 

For the analysis of the 2017 ship collision, SAR data from Sentinel-1 was used. Specifically, Sentinel-1 

data acquired on January 17th and January 29th covering the Ennore region was procured. 
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Figure 1: January 17th (Left) and January 29th (Right) ,2017 Sentinel-1 SAR Data showing pre and post 

incident 

For the analysis of the oil spills that occurred during the Michaung Cyclone, we leveraged a combination 

of SAR datasets. This includes Cosmo-SkyMed data acquired on November 20th and December 6th, 2023. 

The integration of these datasets will provide a comprehensive understanding of the spatial and temporal 

dynamics of oil spills associated with the cyclone 

Figure 2: November 20th (Left) and December 6th (Right), 2023, Cosmo-SkyMed Raw SAR Data Pre and 

Post Cyclone 
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Data Acquisition and Loading 

The analysis begins with acquiring SAR imagery from satellites like Sentinel-1, which is known for its 

high-resolution data and consistent monitoring capabilities. The imagery for the 2017 and 2023 archives 

and loaded into SNAP for further preprocessing. This dataset serves as the foundation for identifying and 

analysing the spatial extent of the oil spill. 

Subsetting 

To streamline the analysis, the region of interest (ROI) around the Ennore port and the affected coastline is 

extracted using SNAP's Subsetting Tool. By isolating the spill area, this step reduces processing time and 

ensures the focus remains on the most relevant portions of the dataset. 

Radiometric Calibration 

Radiometric calibration is a critical preprocessing step that converts raw SAR intensity values into 

calibrated backscatter coefficients, such as sigma naught. This step ensures the data is consistent and 

reliable for quantitative analysis, making it suitable for comparing reflective properties and identifying 

anomalies caused by oil slicks. 

Speckle Filtering 

SAR imagery often contains speckle noise, which can obscure key details. To enhance image quality, 

speckle filtering is applied using algorithms such as the Lee or Gamma Map filter. These filters reduce 

noise while preserving edges and critical features, ensuring clearer visualization of the oil spill. 

Oil Spill Detection 

The 2017 oil spill detection process utilizes SNAP's Oil Spill Detection Toolbox. This tool identifies dark 

areas on the water's surface, caused by the dampening effect of oil on surface capillary waves. Thresholding 
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techniques are applied to separate oil slicks from other low-reflectance features, such as calm water or 

shadows, ensuring accurate detection of the spill's extent. 

In 2023, oil spill detection was conducted using Cosmo-SkyMed data. The methodology focused on 

identifying changes in the reflective properties of the surface between a pre-spill image (November 20th) 

and a post-spill image (December 6th). Oil spills significantly alter the surface's reflectivity due to the 

presence of hydrocarbons. This change in reflectivity was detected by employing change detection 

algorithms within the SNAP environment. Techniques like image differencing, and Band maths, 

Reflectivity were utilized to quantify the magnitude and spatial extent of these reflectivity changes. By 

analysing these differences, potential oil spill areas were identified and further investigated 

Texture Analysis 

To further refine the analysis, texture analysis is performed using tools like the Gray Level Co-occurrence 

Matrix (GLCM). These tools calculate metrics such as homogeneity, contrast, and entropy, which help 

distinguish oil slicks from other dark features, such as ship wakes or land shadows, based on their 

smoothness and uniformity. 

Terrain and Ellipsoid Correction 

Geometric distortions caused by the satellite’s orbit and terrain variations are corrected using Terrain and 

Ellipsoid Correction. By referencing a Digital Elevation Model (DEM) such as SRTM, this step ensures 

the SAR data is georeferenced accurately, aligning it with real-world coordinates for precise spatial 

analysis. 

Exporting Results 

Once the oil spill area is identified and analysed, the results are exported in GeoTIFF format. This format 

facilitates integration with GIS platforms for further mapping, overlaying additional datasets, and 

generating visual representations of the spill. 

Volume Estimation 
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The volume of the spill is estimated using the reflective properties of the oil-affected areas in the SAR data. 

By correlating backscatter values with empirical models that determine oil thickness, the total volume of 

the spill is calculated. This provides a quantitative measure of the spill’s impact and helps in assessing the 

severity of the incident. 

2.4 Tank Integrity Assessment Using GPR 

The GPR analysis employed a 2000 MHz antenna for its balance between penetration depth and resolution. 

Pre-scanning site inspections identified obstructions, such as pipe connections, which were accounted for 

during data collection. The GPR antenna was systematically moved across the tank surfaces, focusing on 

weld joints and areas prone to wear or corrosion. 

Data collected during GPR scans were analysed for subsurface anomalies, including cracks, voids, or 

material degradation. Visual representations of the scans, supplemented with annotations, highlighted 

critical findings. Recommendations for further inspection or maintenance were developed based on these 

results. 

Out of the around 188 Crude and other petroleum products storage tanks, 5 tanks were selected on a random 

basis to carry out Tank integrity inspection job using GPR. List of tanks shared by CPCL is attached as 

Annexure- 6 

 

 

3 Findings 
3.1 Observation of IITM-CE report & others reports 
IIT – Madras Petroleum Engineering team has reviewed the above reports and the salient observations are 

given below: 

 

1. TPH values 

Based on the comparison of all the above reports, TPH content in water & sediments is 

observed to be much higher in the IITM CE report. 
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a. Comparison of TPH value in water 

In the water, the TPH content as per IIT-Madras report was in the range of 280 – 7210 mg/lit 

whereas in TNPCB, NCCR, NIO and TERI reports were in the range of 0.0277 – 3.9 mg/lit 

only. 

➢ TNPCB TPH values in water is in the range from 0.217 – 2.458 mg/lit (Refer page 

No 42 – 43 of TNPCB filing, Annexure-5) 

➢ NIO TPH values in water is in the range from 0.025 – 2.11 mg/lit (Refer page No 80 

of NIO report, Annexure-3) 

➢ NCCR TPH values in water is in the range from 0.0277 – 1.008 mg/lit (Refer page No 

15 of NCCR report, Annexure-2) 

➢ M/s TERI TPH values in water is in the range from 0.2 – 3.9 mg/lit (Refer page No 9 

of M/s TERI report, Annexure-4) 

➢ IITM-CE TPH values in water is in the range from 280 - 7210 mg/lit (Refer page No 

24 of IITM-CE report, Annexure-1) 

Name of the Agency TPH values, mg/lit 

TNPCB 0.217 – 2.458 

NIO 0.025 – 2.11 

NCCR 0.0277 – 1.008 

TERI 0.2 – 3.9 
IITM-CE 280 - 7210 

 

The above indicates that IITM CE report results are not in tandem with other reports and 

are abnormally high. This may be due to improper sampling. 

b. Comparison of TPH value in sediments: 

 
In the sediment, the TPH content as per IITM CE report was in the range of 13,600 – 46,550 

mg/Kg whereas NCCR, NIO and TERI reports were in the range of 5.84 – 1830 mg/Kg only. 

➢ NIO TPH values in sediments is in the range from 630 – 1830 mg/kg (Refer page No 

29 of NIO report, Annexure-3) 

➢ NCCR TPH values in sediments is in the range from 100 – 1000 mg/kg (Refer page 

No 16 of NCCR report, Annexure-2) 

➢ M/s TERI TPH values in sediments is in the range from 5.84 – 47.34 mg/kg (Refer 
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page No 35 of M/s TERI report, Annexure-4) 

➢ IITM-CE TPH values in sediments is in the range from 13,600 – 46,550 mg/kg 

(Refer page No 24 of IITM-CE report, Annexure-1) 

 

Name of the Agency TPH values, mg/kg 

NIO 630 – 1830 

NCCR 100 – 1000 

TERI 5.84 – 47.34 

IITM-CE 13,600 – 46,550 
 
 

Based on the comparison of all the above reports, TPH content in sediments is observed to be 

much higher in the IITM CE report. 

 
Due to low density, oil tends to float over the surface of water, and it requires a medium such 

as particulate matter, solid particle etc to reach the channel bed and during continuous motion 

it requires very longer period to settle. Also, percolation of oily matter further into the 

sediments would take much more period. 

 

Hence, TPH content analysed by NCCR, NIO and TERI would be correct results. TPH value of 

IITM CE report in the range of 13,600 – 46,550 mg/Kg is unrealistic.  

 

It is to be noted that TPH is the one of the components from urban runoff, domestic discharge 

and also through other anthropogenic activities. The preexisting TPH content was not factored 

by the IITM CE report. 

 

2. Quantification of oil using high TPH values: 

On scrutinizing IITM CE report, it is observed that the entire study region was divided into 

zones and average of concentrated TPH content observed in discrete points has been utilized 

to calculate the oil quantity for the entire area. 

Based on the sediment TPH values of all agencies, estimation of oil quantity was carried out 

and the results are tabulated below. 
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Name of the agency Average TPH 

content, g/Kg 
Oil quantity based on TPH Value  

KL MT 

NIO * 1.23 16.24 12.99 

NCCR * 0.55 8.93 7.14 

TERI * 0.026 0.42 0.34 

IIT – M CE report 30 487.12 389.7 

Present study 
Based on Satellite 

image 18.1 14.48 

 * Oil quantity estimated based on TPH value  

 
Since the satellite image was taken on 6th Dec’23, oil estimates cover total oil spill. 

 
 

The above table clearly depicts that 487.12 KL of oil in sediments (IITM CE report page no 

26 & 33) is a case of over-estimation. This is due to higher TPH value reported in the IITM 

CE report. 

Further,  TPH value was taken at certain concentrated locations and extrapolated for the entire 

area. Oil quantity estimated on this basis is not an appropriate method.  

On the other hand, Satellite image captures oil quantity based on the thicknesses spread across 

the area. Hence, Oil estimation based on the Spatial Distribution will be more accurate  

3. Incorrect source matching: 
 

IITM CE report has assessed the oil spill quantity as 517 MT (647 KL) and has identified 

the following as the source of oil spill: 

❖ 30 open reservoirs in CPCL (coordinates given in IITM CE report) 

❖ Oily sludge collected from Ennore area (395 MT) 

❖ Breach of oil from storage tanks of CPCL 
 

Our team visited CPCL on 13th Jan and 14th Jan 2025 and inspected 30 open reservoirs. It was 

observed that out of 30 open reservoirs mentioned in IITM CE report, 13 tanks are not present inside 

CPCL and are available in the nearby industries. Pursuant to physical verification, in order to check 

the location of the tanks google map was used.  
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Tank ID 
As referred by 

IITM CE 
report 

Location of the tank CPCL’s tank usage 

0 CPCL ETP I surge pond (Not in use now) 

1 TPL (Tamil Nadu 
Petrochemicals Limited) Not in CPCL 

2 CPCL ETP-4 API oil separator Above ground 

3 CPCL ETP-1 – Pit (Not in use) Above ground 

4 CPCL ETP I POND A (Storm Pond) 

5 CPCL Raw water reservoir (East of DCU) 

6 CPCL Refinery III Fire water pond (West) 

7 CPCL Refinery III Fire water pond (East) 

8 CPCL DM Plant regeneration water storage 

9 CPCL REF III POND D (Storm Pond) 

10 TPL 

Not in CPCL 

11 TPL 

12 TPL 

13 TPL 

14 MPL-I(Manali 
Petrochemicals Limited-I) 

15 IAL(Indian Additives 
Limited) 

16 IAL 

17 IAL 

18 IAL 

19 TPL 

20 IAL 

21 IAL 

22 CPCL Coke Pit above ground 

23 CPCL ETP-III Treated water pond above ground 

24 CPCL Pond E (Storm Pond)  
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25 CPCL ETP II Treated water pond (Above ground) 

26 CPCL Pit for storing sediment east (2.5 m above ground) 

27 CPCL ETP I aerator (Not in use) 

28 CPCL Pit for storing sediment North (2.5 m above ground) 

29 CPCL Pond C (Storm pond )  

 

Out of 30 open reservoirs, IITM-CE pointed out 12 reservoirs as the main source of oil spill. 

However, it may be noted that : 

➢ 2 of these reservoirs are outside CPCL and belong to other companies.  

➢ 8 reservoirs are used as raw water reservoirs, storm ponds, Guard Pond, Fire water 

ponds for storing oil free water only 

➢ 2 reservoirs are above ground and are used for storing sediments.  

 

Tank ID 
As referred by IITM 

CE report 
Location of the tank CPCL’s tank usage 

6 CPCL Refinery III Fire water pond (West) 

7 CPCL Refinery III Fire water pond (East) 

8 CPCL DM Plant regeneration water storage 

9 CPCL REF III POND D (Storm Pond) 

10 TPL Not in CPCL 

21 IAL  Not in CPCL 

23 CPCL ETP-III Treated water pond above ground 

24 CPCL Pond E (Storm pond )  

25 CPCL ETP II Treated water pond (Above ground) 

26 CPCL Pit for storing sediments (above ground at a height of 
2 meter) East 

28 CPCL Pit for storing sediments (above ground at a height of 
2 meter) West 

29 CPCL Pond C (Storm Pond)  
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IMAGES OF 10 OPEN RESERVOIRS IN CPCL 
 

Tank ID (IIT report page No: 35) 
Refinery III Fire water pond (West & East) 

Tank ID   6 & 7 

View of Refinery Fire water ponds 
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Tank ID (IIT report page No: 35) 

DM Plant effluent water storage 
Tank ID   8 

View of DM effluent water storage 
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Tank ID (IIT report page No: 35) 

REF III STORM POND - D 
Tank ID   9 

View of Refinery III Storm Pond - D 
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Tank ID (IIT report page No: 35) 
ETP-III Guard Pond 

Tank ID   23 
 View of ETP III Treated Water Pond 

 

26



Page 26 of 55 
 
 
 

Tank ID (IIT report page No: 35) 
Pond E (Storm Pond storing water without any oil) 

Tank ID   24 

View of Pond E 
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Tank ID (IIT report page No: 35) 
ETP II Guard Pond (Treated water storage and not oil) 

Tank ID   25 

View of ETP II Treated Water Pond 
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Tank ID (IIT report page No: 35) 
Pit for storing sediments 

Tank ID 26 & 28 
View of pits for storing sediments 
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Tank ID (IIT report page No: 35) 
Pond C (Storm water pond for water) 

Tank ID   29 

View of Pond C 
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• Tank integrity study using Ground Penetrating Radar revealed that the tank integrity in 

CPCL is good.  Among the list of tanks furnished by CPCL, Tanks were chosen on 

random basis for the GPR study. GPR scans of Tanks 106, 119, 121, 801, and 802 

revealed no structural defects such as cracks or significant corrosion. The tanks are fit 

for continued service.  

• The GPR study on CPCL tanks did not reveal any integrity issues. The findings suggest 

that these tanks are fit for continued service. 

• Detailed report of tank integrity is furnished as Annexure-1 

 
1. Numerous Assumptions: 

In IITM CE report has indicated the following assumptions and are not based on true 

measurements.  

 

 
➢ Assumption 1: TPH content estimated in discrete points was considered as 

average TPH and used to calculate oil quantity for the entire area (IITM CE report 

page No: 26, Annexure-1). 

➢ Assumption 2: Uniform thickness (0.1 mm) was assumed for entire residential 

and industrial area without any basis. (IITM CE report page No: 30, Annexure-

1).  

➢ Assumption 3: Depth of oil estimation in pool was assumed as 1 mm without 

any measurement and applied uniformly to all the area. (IITM CE report page 

No: 28, Annexure-1) 

➢ Assumption 4: 10,000 sq.m of oil pool was arbitrarily considered in mangrove 

area and another 10,000 sq.m of oil pool near pipelines.  

➢ Assumption 5: Area calculated based on the oil marking height & length of the 

mangrove tree area, is unscientific as the mangroves will have branches & space 

between trees etc. The report considered the whole area like a wall and arrived at 

the area. (IITM - CE report page No: 32, Annexure-1) 

➢ Assumption 6: The report has erroneously assumed 0.01 mm oil thickness over 

the mangrove trees. (IITM - CE report page No: 32, Annexure-1) 

➢ Assumption 7: Assumption of oil layer of 10 mm without any basis in open 

reservoir tanks. (IITM - CE report page No: 36, Annexure-1). 
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Oil estimation of oil quantity based on such assumptions would always leads to erroneous 

value. 

 

3.2 2017 Oil Spill 

The 2017 spill, caused by a collision between MT BW Maple and MT Dawn Kanchipuram, 

resulted in extensive environmental damage more than 60 KM of coast line. Sentinel-1 SAR 

imagery from January 29, 2017, revealed a spread of dense, viscous furnace oil.  

The analysis conducted using the Sentinel Application Platform (SNAP) revealed the 

significant spatial extent of the oil slick. The detected oil slick covered an area of 197.4 KM2 

extending approximately 60 kilometres along the coastline from Pulicat towards Panaiyur 

beach. The analysis involved rigorous image preprocessing to correct for geometric distortions 

and atmospheric effects, ensuring the accuracy of subsequent analyses. The detected oil slick 

areas were then meticulously mapped and visualized in figure 3. 

 

Figure 3: Oil Spill detected on January 29th, 2017 
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Synthetic Aperture Radar (SAR) sensors detect oil spills by measuring changes in radar 

backscatter caused by the presence of oil on the water surface. Oil slicks smooth out the water 

surface, reducing roughness and decreasing the amount of radar energy scattered back to the 

sensor. This results in lower backscatter values, typically ranging between -20 dB and -22.5 

dB for thin oil films (1-20 micrometres). As shown in Figure 4, the observed backscatter values 

within the detected oil slick area fall within this range, suggesting the presence of oil films with 

an estimated thickness of approximately 10 micrometres. 

 

Figure 4: Backscatter Profile plot of Oil Slick (2017) 

Volume Estimation 

 Spatial distribution analysis of impacted area of 197.4 KM2 through the ArcGIS shows that 

22.35 KM2 area is observed with dense oil slick. 

The combination of oil volume and thickness offered a comprehensive spatial depiction of the 

contamination. Satellite observations indicated that the oil spill, which extends from the Manali 

industrial area to Ennore Creek and affects nearby residential and adjacent areas, amounts to 

223.5 cubic meters (178.8 tons) in 2017 oil spill. 
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Source 

Reported 

Oil Spill 

Volume 

(Metric 

Tonnes) 

DOI (Digital Object Identifier) 

An assessment on oil spill 

trajectory prediction: Case 

study on oil spill off 

Ennore Port 

196.4 https://rdcu.be/edQKC 

Report No.29, 2017: Oil 

Spill along Chennai Coast 

by NCSCM  

194 
https://ncscm.res.in/technical-

reports/#2017 

The oil spill volumes presented in the table represent reported values from published articles. 

Our SAR-based estimation of 178.8 metric tonnes falls within the range established by these 

independent sources. This close alignment suggests that our estimation methodology, utilizing 

SAR data, provides a suitable and reliable approach for determining oil spill volume of 2023. 

3.3 2023 Oil Spill 

The 2023 spill, associated with the Michaung cyclone, was documented using Cosmo-SkyMed 

data. Advanced image differencing techniques identified changes in reflectivity between pre- 

and post-spill conditions. 

This analysis utilized the Sentinel Application Platform (SNAP) to investigate an oil spill event 

suspected to be associated with Cyclone Michaung. a Cosmo-SkyMed image acquired on 

December 6th and December 14 was analysed. 
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Figure 5: Oil Spill Detected on December 6th, 2023  

Oil slick patches shown in red spots yellow line indicates the ROI (Region of Interest) 

This analysis method relied on the distinct backscatter properties of oil on radar imagery. 

Oil slicks exhibit unique radar backscatter signatures compared to surrounding water and land 

surfaces. By analysing variations in backscatter intensity within the imagery, areas indicative 

of oil slicks were identified and delineated.    

The total area of the detected oil slick was determined to be 1.81 square kilometres. Oil slick 

patches were observed within the Buckingham Canal and the Kosasthalaiyar River, located 

south and north of Ennore Creek, respectively and adjacent area where water stagnation was 

observed. Oil slick concentrations were observed and marked within the map in the region 

between Ernavur and Kattuppalli. 
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Figure 6: Backscatter profile plot on oil slick (2023) 

The analysis utilized Cosmo-SkyMed imagery with HH polarization, revealing backscatter 

values within the range of -18 dB to -22.5 dB within the detected oil slick areas. This range of 

backscatter values, characteristic of thin oil films shown in figure, suggests an oil film thickness 

between 1 micrometre and 20 micrometres. For this analysis, an average oil film thickness of 

10 micrometres is considered. 

The combination of oil volume and thickness offered a comprehensive spatial depiction of the 

contamination. Satellite observations indicated that the oil spill, which extends from the Manali 

industrial area to Ennore Creek and affects nearby residential and adjacent areas, amounts to 

18.1 cubic meters (14.48 tons). 

Comparison of 2017 and 2023 Oil Spills 

Analysis of the 2017 and 2023 oil spills in the Ennore region reveals a significant disparity in 

both volume and extent. The 2017 spill, estimated at 178.8 metric tonnes, affected an area of 
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22.35 sqkm, stretching from Pulicat to Panaiyur. In contrast, the 2023 spill involved a much 

smaller volume of 14.48 metric tonnes and impacted a significantly reduced area of 1.81 sqkm 

within the same region.  

This stark difference is visually apparent in the accompanying figures, where the 2023 spill 

appears considerably smaller. The limited extent of the 2023 spill is such that it is barely 

discernible in the images, even after magnifying the area in 2023 oil spill incident (Fig 7c). 

 

Figure 7 (a) 2017 Spill (2000 sqkm view)               Figure 7(b) 2023 Spill (2000 sqkm view) 
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Figure 7(c) 2023 Spill (100 sqkm view) 

 

3.4 GPR Findings on Tank Integrity 

Tank No. 106:  

Tank 106, is a large steel storage tank for storing Crude oil with a diameter of 79 meters and a 

height of 14.4 meters. The tank's thickness varies from 12mm to 30mm, depending on the 

elevation, and it consists of 8 shell courses. During the GPR scanning process, some areas 

along the tank’s circumference had obstructions, such as pipe connections and other structural 

elements, which limited the ability to obtain clear readings in those regions. However, in the 

accessible areas, the GPR scan revealed a parabola-shaped reflection in the main welding areas, 

indicating that the welds were intact. The scan showed no signs of significant damage, such as 

corrosion, cracking, or leakage. The tank was found to be in good condition overall, with no 

cracks or leakage detected as per the GPR scanning. Structural integrity remains sound, with 

no signs of severe material degradation or voids. In Figure-8-10, the round mark indicates the 

location of the massive welding. 
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Records of previous Maintenance and Inspections (M&I) activities were checked by IIT – PE 

and the details are given below: 

Tank 
No 

Tank 
Dia, m 

Tank 
ht, m Thickness, mm 

Nos. of 
shell 

courses 

Previous 
Internal 
inspectio

n 

JOB DONE 

106 79 14.4 
30.0/24.0/22.0/18.0
/14.0/12.0/12.0/12.

0 
8 Sep-23 

M&I Completed in 
Sep-2023 Bottom, 

Annular & Roof top 
plate (Partial) 

Replacement was 
done. Tank Internal 
painting also done. 

 

 

 

A B 

C 

D 
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Figure 8, shows the GPR reading between points A-B, and red circle indicates joint welding 
which is intact.  

 

Figure 9, shows the GPR reading between points B-C, and red circle indicates joint welding 
which is intact. 

 

 

 

 

Figure 10, shows the GPR reading between points C-D, and red circle indicates joint welding 
which is intact. 

Figure 11(a) and 11(b) show site photographs taken during the GPR scanning process, 
illustrating the readings being captured 
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Tank No.119: 

The tank 119 is a large steel storage tank with a diameter of 79 meters and a height of 13.5 

meters. The tank's thickness varies from 12mm to 30mm, depending on the location, and it 

consists of 8 shell courses. During the GPR scanning process, it was observed that in certain 

areas along the circumference, clear readings could not be obtained due to pipe connections 

and other structural distractions. These obstructions interfered with the ability to capture data 

in those specific regions. 

However, in the accessible areas, the GPR scan revealed a parabola-shaped reflection in the 

main welding areas, indicating that the welds were intact. The scan showed no signs of 

significant damage, such as corrosion, cracking, or leakage. The tank was found to be in good 

condition overall, with no cracks or leakage detected as per the GPR scanning.  

Structural integrity remains sound, with no signs of severe material degradation or voids. In 

Figure-12 the round mark indicates the location of the massive welding. In Figure13- GPR 

technology during the inspection of Tank 119 

Records of previous M&I activities were checked by IIT – PE and the details area given below: 

Tank 
No 

Tank 
Dia, m 

Tank 
ht, m 

Thickness, 
mm 

  Nos. of 
shell courses 

Previous Internal 
inspection JOB DONE 

119 79 13.5 

30.0/24.0/2
2.0/18.0/14.
0/12.0/12.0

/12.0 

8 Aug-23 

Roof 
conversion 
into double 
deck and 
Bottom / 

Annular plate 
replaced with 
product side 

phenolic 
epoxy coating 

in the M&I 
last outage. 
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Figure 12(a), shows the GPR reading between points A-B, and red circles indicates joint 
welding which is intact. 

 

 

Figure 12 (b), shows the GPR reading between points B-C, and red circles indicates joint 
welding which is intact. 

 

A B 

C 
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Figure 12 (c), shows the GPR reading between points C-A, and red circles indicates joint 
welding which is intact. 

 

 

Figure 13 shows site photograph taken during the GPR scanning process for tank 119. 

Tank No.121: 

Tank 121 is a large steel storage tank with a diameter of 64 meters, a height of 17.5 meters, 

and wall thickness varying between 12mm and 30mm across its 8 shell courses. The tank was 

constructed to meet industry standards for durability and reliability in large-scale storage 

applications.Ground Penetrating Radar (GPR) scan was conducted to assess its structural 

condition and ensure continued safety and performance. 
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During the GPR scanning process, it was observed that certain areas along the tank's 

circumference could not be inspected due to obstructions caused by pipe connections, nozzles, 

and other structural features. These obstructions interfered with the radar signals, making it 

challenging to collect data in those specific regions. Despite this, the majority of the tank's 

accessible areas were successfully scanned, allowing for a detailed evaluation of its structural 

integrity and condition.  

The GPR scan revealed distinct parabola-shaped reflections in the primary welding zones, a 

strong indication that the welds are intact and structurally sound. No anomalies such as gaps, 

cracks, or separations were detected in the welds, which are critical for the tank's structural 

stability. Furthermore, the scan showed no significant signs of corrosion, thinning, or material 

degradation in the steel, demonstrating that the tank's construction materials have remained 

durable and resilient over time. 

In addition to confirming the integrity of the welds and the absence of corrosion, the scan found 

no evidence of cracks, voids, or leakage. The tank's structural integrity remains 

uncompromised, with all critical components performing as expected. These findings suggest 

that Tank 121 is in good operational condition and is capable of safely continuing its storage 

function without immediate concerns. To ensure long-term performance and reliability, 

periodic inspections and maintenance are recommended. Particular attention should be given 

to the obstructed areas during future assessments, using alternative methods to improve access. 

Routine maintenance of pipe connections and nozzles will also help prevent potential issues 

and prolong the tank's lifespan. With proper upkeep and continued monitoring, Tank 121 is 

expected to remain a reliable and safe storage asset for years to come. 

Records of previous M&I activities were checked by IIT – PE and the details area given below: 

Tank 
No 

Tank 
Dia, 
m 

Tank 
ht, m Thickness, mm 

  Nos.of 
shell 

courses 

Pervious 
Internal 

inspection 
JOB DONE 

121 64 17.5 30.0/30.0/24.0/22.0 
/18.0/16.0/14.0/12.0 8 Nov-19 

Bottom Plate 
painting was found 
good and touch work 
was done at steam 
coil support bottom. 
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Figure 14(a), shows the GPR reading between points A-B, and red circle indicates joint 
welding which is intact. 

 

 

Figure 14 (b), shows the GPR reading between points B-C, and red circle indicates joint 
welding which is intact. 

 

A 
B 

C 
45



Page 45 of 55 
 

 

Figure 14 (c) shows the GPR reading between points C-A, and red circle indicates joint 
welding which is intact. 

Tank No. 802:  

The Tank 802, is a slab-type steel storage tank with a diameter of 16.8 meters and a height of 

7.2 meters. This tank is specifically designed to collect various kinds of oil (slop oil), making 

it a critical component in the storage system. The tank has a thickness of 8mm and is composed 

of 4 shell courses. During the GPR scanning process, some areas along the tank’s 

circumference had obstructions, such as pipe connections and other structural elements, which 

limited the ability to obtain clear readings in those regions. Its dry slab in the context of storage 

tanks ensures that the tank has a stable and moisture-free foundation, reducing the risk of 

corrosion and ensuring the long-term integrity of both the tank and the substances being stored 

within it. 

Nevertheless, the accessible areas of Tank 802 revealed a deep small parabola-shaped 

reflection in the welding areas, indicating that the welds are intact with no visible damage such 

as cracking. The GPR scan did not detect any cracks, leaks, or significant degradation in the 

tank’s structure. The overall condition of the tank was assessed to be good, with no signs of 

severe material degradation or structural weaknesses. Figure 15 shows GPR scan images, 

demonstrating the good integrity of the tank. Figure 16 shows site photographs taken during 

the GPR scanning of the tank.  

Records of previous M&I activities were checked by IIT – PE and the details area given below: 

Tank 
No 

Tank 
Dia, 
m 

Tank 
ht, m 

Thickness, 
mm 

Nos.of 
shell 

courses 

Previous 
Internal 

inspection 
JOB DONE 

802 16.8 9 8.0 / 8.0 / 
 8.0 / 8.0 4 Sep-17 

Top shell course replaced with 
8mm plates. Entire roof plate 

replaced and roof slope increased 
to 1:6. Sprinkler provided. 
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Figure 15 shows the GPR reading between points A-B 

A 

B 
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Figure 16 shows site photograph taken during the GPR scanning process for tank 802. 

 

 

Tank No. 801:  

The Tank 801, is a slab-type steel storage tank with a diameter of 16.8 meters and a height of 

9 meters. This tank is specifically designed to collect various kinds of oil (slop oil), making it 

a critical component in the storage system. The tank has a thickness of 8mm and is composed 

of 4 shell courses. During the GPR scanning process, some areas along the tank’s 

circumference had obstructions, such as pipe connections and other structural elements, which 

limited the ability to obtain clear readings in those regions. Its dry slab in the context of storage 

tanks ensures that the tank has a stable and moisture-free foundation, reducing the risk of 

corrosion and ensuring the long-term integrity of both the tank and the substances being stored 

within it. 

Nevertheless, the accessible areas of Tank 801 revealed a deep small parabola-shaped 

reflection in the welding areas, indicating that the welds are intact with no visible damage such 

as or cracking. The GPR scan did not detect any cracks, leaks, or significant degradation in the 
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tank’s structure. The overall condition of the tank was assessed to be good, with no signs of 

severe material degradation or structural weaknesses. 

Figure 17 shows GPR scan images, demonstrating the good integrity of the tank. Figure 18 

shows site photographs taken during the GPR scanning of the tank. 

Records of previous M&I activities were checked by IIT – PE and the details area given below: 

Tank 
No 

Tank 
Dia, 
m 

Tank 
ht, m 

Thickness, 
mm 

Nos.of 
shell 

courses 

Previous 
Internal 

inspection 
JOB DONE 

801 16.8 7.2 8.0 / 8.0  
/ 8.0 / 8.0 4 Sep-22 

M&I completed on Sep-2022. 
Roof complete replacement. Shel 
external patch repair & internal 

painting completed. 

 

 

 

A 

B 
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Figure 17 shows the GPR reading between points A-B 

 

 

 

Figure 18 shows site photograph taken during the GPR scanning process for tank 801. 

 
 

3.5 WAPCOS study: 
 
To further strengthen the system, CPCL entrusted Water And Power Consultancy Services 

(WAPCOS), a leading PSU and they have carried out study on flood management and shared 

the salient findings (Annexure-7). On physical verification the following recommendations 

were implemented by CPCL:  

 

❖ Rain water collection capacity has been increased from 58000 M3 to 79000 M3  

❖ Height of the ponds handling rain water collection increased by 2 to 3 feet 

❖ Construction of ramps at the entry points 

❖ Desilting of storm ponds 

❖ Six more Oil catchers have been installed.  
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Apart from the above, as precautionary measure, CPCL has installed permanent booms at 8 

locations outside CPCL and images of few is below: 
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4 Conclusion 
A. Based on the review of the IITM Civil Engineering report, National Centre for 

Coastal Research (NCCR), National Institute of Oceanography (NIO), The 

Energy and Resources Institute (TERI) and Tamil Nadu Pollution Control Board 

reports observations and comments by IITM Petroleum Engineering team are 

given below: 

1. Total Petroleum Hydrocarbon (TPH) content in water is very high in IIT Madras 

CE report (280 – 7210 mg/lit) compared to TNPCB, NCCR, NIO & TERI reports 

(0.0277 – 3.9 mg/lit). This may be due to random sampling. (Pl refer page No.: 17 

of this report) 

2. Total Petroleum Hydrocarbon (TPH) content in sediments is very high in IITM-

CE report (13,600 – 46,550 mg/Kg) compared to NCCR, NIO and TERI reports 

(5.84 – 1830 mg/Kg). Oil estimation by IITM-CE using such higher TPH values 

in sediments resulted in huge quantity of oil. This is due to extrapolation of TPH 

content, taking sample at few concentrated locations and applying the same for 

the entire area.  Refer assumption 1 in page no. 29 of this report (Pl refer page 

No.: 17 & 18 of this report)  

3. Oil being a lighter component /low density, tends to float over the surface of water. 

Settling & percolation of oil in the sediment requires longer duration. TPH value 

of IITM CE report in the range of 13,600 – 46,550 mg/Kg is unrealistic. (Pl refer 

page No.: 17 & 18 of this report) 

4. The effects due to preexisting TPH values due to urban runoff, domestic discharge 

and also through other anthropogenic activities have not been considered in the 

IITM-CE report 

5. Estimation of oil quantity using TPH values of NIO, NCCR & TERI is around 

0.34 to 12.9 Tons of oil (Pl refer page No.: 18 & 19 of this report) and the values 

of these reports are consistent with the present oil estimation through satellite 

image study viz. 14.48 MT. (pl refer page No 36 of this report). However, wide 

variance is observed in estimation of oil quantity by IITM – CE report (517 MT). 

517 MT of oil in sediments is a case of over-estimation, arrived due to higher 

TPH value reported in the IITM CE report. TPH value has been taken at certain 

concentrated locations and extrapolated for the entire area. Oil quantity 

estimated on this basis is not an appropriate method.  
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On the other hand, Satellite image captures oil quantity (14.48 MT) based on 

the thicknesses spread across the area. Oil estimation based on the Spatial 

Distribution will be more accurate  

 
6. IITM-CE report has identified 30 Nos of open reservoirs as the main source of oil 

spill.  Based on the field visit to CPCL and google map coordinate study it is 

confirmed that 13 open reservoirs are not inside CPCL and belong to other 

companies. (Pl refer page No.: 20 - 21 of this report) 

7. Out of 30 open reservoirs, IITM-CE pointed out 12 reservoirs as the main source 

of oil spill. However, it may be noted that: 

➢ 2 of these reservoirs are outside CPCL and belong to other companies.  

➢ 8 reservoirs are used as raw water reservoirs, storm ponds, Guard Pond, 

Fire water ponds for storing oil free water only  

➢ 2 reservoirs are above ground and are used for storing sediments.  

 

8. Apart from the above, IITM-CE report has considered numerous assumptions, as 

listed below and are not based on true measurements, as detailed in this report.  

 
➢ Assumption 1: TPH content estimated in discrete points was 

considered as average TPH and used to calculate oil quantity for the 

entire area (IITM CE report page No: 26, Annexure-1). 

➢ Assumption 2: Uniform thickness (0.1 mm) was assumed for entire 

residential and industrial area without any basis. (IITM CE report 

page No: 30, Annexure-1).  

➢ Assumption 3: Depth of oil estimation in pool was assumed as 1 

mm without any measurement and applied uniformly to all the area. 

(IITM CE report page No: 28, Annexure-1) 

➢ Assumption 4: 10,000 sq.m of oil pool was arbitrarily considered 

in mangrove area and another 10,000 sq.m of oil pool near pipelines.  

➢ Assumption 5: Area calculated based on the oil marking height & 

length of the mangrove tree area, is unscientific as the mangroves 

will have branches & space between trees etc. The report considered 

the whole area like a wall and arrived at the area. (IITM - CE report 

page No: 32, Annexure-1) 
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➢ Assumption 6: The report has erroneously assumed 0.01 mm oil 

thickness over the mangrove trees. (IITM - CE report page No: 32, 

Annexure-1) 

➢ Assumption 7: Assumption of oil layer of 10 mm without any basis 

in open reservoir tanks. (IITM - CE report page No: 36, Annexure-

1). 

Oil estimation based on such assumptions would always leads to erroneous 

value.  

 

B. Observation and findings of estimation of oil quantity & comparison of 2017 

ship collision incident through satellite images are furnished below. 

1. Based on the satellite image of 29th Jan 2017, it is confirmed that the 2017 oil 

spill, caused by a collision near the Ennore port, resulted in a dense oil slick 

extending over 197 KM2 and impacting more than 60 KM of coastline with a 

volume of approximately 223.5 cubic meter (178.8 MT) 

This is consistent with the established reports of 194 MT from published articles 

and confirms that Satellite based estimation methodology, as a suitable and 

reliable tool.   

2. On similar lines, Satellite image  estimation was carried out for 2023 oil spill. 

Based on the satellite image of 6th Dec 2023, oil spill triggered by cyclone 

Michaung affected 1.81 KM2 in the stretch from Manali Industrial Area to Ennore 

Creek area. The quantum of oil assessed through the satellite image in the 

Buckingham canal, Kosasthalaiyar river and nearby area shows spillage of 18.1 

cubic meters (14.48 metric Tons). 

3. Extent of spillage & quantity assessed through satellite image above clearly 

indicates that the quantum of oil spill in ship collision incident occurred in Jan 

2017 is much higher than Dec’23 incident. 

 
C. Observation and findings of GPR study on tank integrity. 

1. IITM-CE Department have indicated that breach of oil from storage tanks could 

be one of the source of oil spill. (page No.: 36 of IITM-CE Report- Annexure-1).  

In order to ascertain the Integrity of the Tanks, Five critical Tanks were chosen 

on random basis for the GPR study. Based on tank integrity study using GPR (in 
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Tanks 106, 119, 121, 801 & 802) carried out by IIT – PE, the structural integrity 

remains sound, with no signs of material degradation.  

2. Physical verification of the tanks and scrutiny of Maintenance & Inspection (M&I) 

records of storage tanks maintained by CPCL revealed that all the tanks are in good 

condition. 

In conclusion, the following inference are drawn: 

A. TPH values of IITM CE report are abnormally high and resulted in higher 

estimation of oil quantity. Further source validation was not also reflecting 

real scenario  

B. Based on the analysis of satellite images in 2017 & 2023 & the field survey 

carried out, it is concluded that the quantum of oil spill is estimated to be 18.1 

cubic meters (14.48 metric tonnes). 

C. CPCL tanks are intact and there are no oil leaks observed from the tanks. 
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Summary 

 
Impact assessment of oil spill resulting from the flooding caused by Cyclone Mishacung on 4th 

December, 2023 in Ennore Creek was undertaken by the National Centre of Coastal Research 

(NCCR), Ministry of Earth Sciences (MoES), Chennai, upon the request from the Tamil Nadu 

Pollution Control Board (TNPCB). 

 

Field sampling was conducted twice a week during the initial phase (December 2023), followed 

by weekly sampling (January 2024) to assess various physico-chemical and biological 

parameters at different sectors in and around Ennore Creek. During the initial phase of 

sampling, the water quality of Ennore Creek was severely affected by high Total Petroleum 

Hydrocarbon (TPH) levels and reduced biodiversity. However, signs of recovery were 

observed in the second phase of sampling with reduction in TPH levels and increase in 

biodiversity.  
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1. Background 
 

The coastal environment is a dynamic ecosystem where a complex interplay of natural 

processes and human activities continuously shapes its geomorphological, physical, and 

biological features. However, this delicate balance is increasingly threatened by anthropogenic 

disturbances including accidental oil spills, which pose significant challenges to the integrity 

of coastal environments. Oil spills, whether from maritime accidents, industrial activities, or 

natural disasters, can have devastating consequences, ranging from immediate harm to marine 

life to long-term degradation of water quality and ecosystems.  

In December 2023, an oil spill occurred in Ennore Creek as a result of flooding during 

the Cyclone Michaung, a region where refineries and petrochemical industries are situated. The 

Tamil Nadu Pollution Control Board (TNPCB) formally requested the National Centre for 

Coastal Research (NCCR), Chennai, to make an impact assessment of the oil spill in Ennore 

Creek (Figure 1). Accordingly, NCCR carried out a reconnaissance survey with TNPCB 

officials on 18th December 2023. Based on the preliminary assessment it was mutually agreed 

to monitor 10 locations inside the Ennore Creek (Figure 2) and 8 ground water/bore well 

locations (Figure 3) in the adjoining residential areas till January 2024. In the month of 

December 2023, sampling was conducted twice a week followed by weekly sampling in 

January 2024.  
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Figure 1. Field photographs taken on 18th December, 2023. 
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2. Study Area and Sampling 
2.1.Study Area  

A total of ten stations were selected from various sectors of the Ennore Creek affected 

by the oil spill (Figure 2). Samples were collected on the following dates (19/12/2023; 

22/12/2023; 26/12/2023; 29/12/2023; 02/01/2024; 09/01/2024; 19/01/2024; 25/01/2024; 

31/01/2024).  

 

 
Figure 2. Map showing the sampling locations in the Ennore Creek. 

Simultaneously, ground water samples at the selected locations (Figure 3) from the 

adjoining residential areas were collected by TNPCB and handed over to NCCR for analysis. 
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Figure 3. Map showing the ground water sampling locations. 

 

2.2.Parameters Analyzed 

Creek Waters: (Salinity; Temperature; Dissolved Oxygen; Biochemical Oxygen Demand; 

Chlorophyll; pH; Suspended Particulate Matter; Nutrients (Ammonia, Nitrite, Nitrate, 

Phosphate, Silicate, Total Nitrogen & Total Phosphorus); Total Petroleum Hydrocarbons; 

Heavy Metals; Dissolved Organic Carbon; Phytoplankton) 

Ground Waters: (Heavy Metals; Total Petroleum Hydrocarbons) 

Sediment: (Total Petroleum Hydrocarbons; Heavy Metals; Macrobenthos) 
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Figure 4. Sampling of water and sediment samples. 
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Figure 5. Laboratory analysis of collected samples. 
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Figure 6. Discoloration of sediments and benthic fauna due to oil spill. 
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3. Observations 
 

3.1. Physicochemical Parameters 

Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD) and pH are crucial parameters 

to assess and comprehend sea water quality. These indicators offer valuable insights into the 

suitability of water for sustaining aquatic life. Adequate DO is crucial for the survival of aquatic 

organisms and the overall health of aquatic ecosystems. Elevated BOD levels suggest the 

presence of organic pollutants, such as sewage or industrial discharges, depleting oxygen levels 

and negatively impacting aquatic life. pH levels influence the solubility and availability of 

metals in water.  

pH: The spatial and temporal variation of pH at the different locations is shown in Table 1. 

During the initial day of sampling on 19th December 2023, pH levels below 7 were recorded at 

Buckingham Canal locations (EC-07 and EC-08) indicating acidic conditions. There was a 

subsequent increase in pH to above 7.5 in January 2024. On 31st January 2024, pH levels ranged 

from 7.42 to 7.84 at all the sampling sites indicating continued improvement in water quality 

across the Ennore Creek.  

Table 1. Spatial and temporal variation of pH in Ennore Creek.  
Station 

Id 
19/12/23 22/12/23 26/12/23 29/12/23 02/01/24 09/01/24 19/01/24 25/01/24 31/01/24 

EC-01 7.95 7.49 7.75 7.93 7.95 7.80 8.01 7.85 7.84 
EC-02 7.69 7.35 7.59 7.79 7.91 7.85 7.99 7.64 7.79 
EC-03 7.92 6.80 7.82 7.86 7.90 7.85 8.00 7.57 7.79 
EC-04 6.91 7.06 7.77 7.73 7.88 7.84 7.95 7.41 7.74 
EC-05 7.57 7.31 7.59 7.64 7.74 7.71 7.99 7.61 7.75 
EC-06 7.39 7.54 6.88 7.28 7.52 7.09 7.06 7.12 7.60 
EC-07 5.78 6.28 6.71 7.35 7.13 7.10 6.93 7.05 7.61 
EC-08 6.47 * * 6.81 6.95 7.15 7.16 7.17 7.43 
EC-09 6.67 7.05 7.37 7.45 7.48 7.10 7.54 7.43 7.61 
EC-10 6.63 6.57 8.02 7.58 7.62 7.58 7.86 7.62 7.42 

*Sample not collected  
 

Salinity: The spatial and temporal variation of salinity at the different locations is shown in 

Table 2. Markedly low salinity was observed across all the monitoring stations in December 

2023. However, in January 2024 a considerable increase in salinity levels across all the 

sampling stations was observed indicative of the seawater intrusion and subsequent mixing. 
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Table 2: Spatial and temporal variation of salinity in Ennore Creek.  
Station 

Id 
19/12/23 22/12/23 26/12/23 29/12/23 02/01/24 09/01/24 19/01/24 25/01/24 31/01/24 

EC-01 10.71 3.22 18.00 30.77 31.00 24.20 31.64 32.95 33.75 
EC-02 7.79 2.60 15.74 27.30 30.15 26.44 30.79 30.75 32.88 
EC-03 5.12 2.23 18.99 29.13 29.83 25.20 31.34 29.71 33.07 
EC-04 1.70 1.40 10.69 23.58 29.92 27.30 30.19 25.48 32.43 
EC-05 2.08 1.01 9.87 14.53 26.35 21.64 23.60 29.53 32.41 
EC-06 0.40 1.01 1.92 8.56 17.95 7.38 25.50 4.59 31.75 
EC-07 1.28 1.21 1.44 6.44 3.11 1.18 16.05 2.77 31.12 

EC-08 1.09 * * 3.63 1.36 1.08 7.06 1.78 28.54 
EC-09 0.38 0.37 1.54 8.43 14.67 6.89 23.80 12.32 30.61 
EC-10 0.40 0.40 7.92 11.94 19.43 16.38 29.26 22.91 30.41 

*Sample not collected 
 
Dissolved Oxygen: The spatial and temporal variation of dissolved oxygen at the different 

locations is shown in Table 3. The near-zero levels of dissolved oxygen at the Buckingham 

Canal sampling locations (EC-07 and EC-08) indicates severe oxygen depletion, likely 

resulting from the oil spill event. The variation in dissolved oxygen is also influenced by the 

tidal cycles. There was an improvement in dissolved oxygen levels on 31st January 2024 

suggesting that natural processes or the clean-up actions have helped in restoring the oxygen 

levels to support aquatic life. 

 
Table 3: Spatial and temporal variation of dissolved oxygen (mg/l) in Ennore Creek.  

Station 
Id 

19/12/23 22/12/23 26/12/23 29/12/23 02/01/24 09/01/24 19/01/24 25/01/24 31/01/24 

EC-01 5.29 6.19 6.48 6.83 6.67 6.34 6.56 6.13 6.43 
EC-02 5.80 5.69 5.72 5.53 6.67 6.67 6.66 4.07 6.60 
EC-03 5.08 3.95 6.18 5.53 6.83 6.83 6.48 2.96 6.39 
EC-04 3.00 3.79 4.14 4.23 6.34 6.34 6.20 1.27 6.17 
EC-05 5.76 4.88 4.07 5.37 4.72 5.53 6.47 3.40 6.56 
EC-06 1.46 0.00 0.00 0.49 1.63 0.65 1.45 1.30 4.62 
EC-07 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 4.57 
EC-08 0.00 * * 0.00 0.00 0.00 0.63 0.00 1.99 
EC-09 5.13 6.64 0.00 0.65 0.81 1.79 2.40 1.50 4.62 
EC-10 4.97 5.13 4.07 3.25 2.93 4.55 5.86 3.30 5.80 

*Sample not collected 
 

 

115



 

10 | P a g e  
 

Biochemical Oxygen Demand (BOD): The analysis of BOD gives further insights into the 

pollution levels and the subsequent improvement in water quality over time following the oil 

spill event. Table 4 shows the spatial and temporal variation in BOD levels at the different 

locations. The elevated BOD levels during the initial sampling period on 19th December 2023, 

indicates high organic pollution load in the water. Organic pollutants such as oil, sewage, or 

other organic substances introduced by the spill can contribute to increased BOD levels. 

However, a gradual improvement in the BOD levels was observed by the end of January 2024 

suggesting a reduction in organic pollution and the restoration of water quality. This 

improvement may result from various factors, including natural degradation processes and the 

remediation efforts. The results of BOD corroborate the trends observed in pH and dissolved 

oxygen levels, indicating an improvement in water quality conditions over time following the 

spill event.  

Table 4: Spatial and temporal variation of Biochemical Oxygen Demand (mg/l) in Ennore 
Creek.  

Station 

Id 

19/12/23 22/12/23 26/12/23 29/12/23 02/01/24 09/01/24 19/01/24 25/01/24 31/01/24 

EC-01 4.99 0.49 3.50 6.50 1.63 2.60 2.30 0.89 0.71 

EC-03 3.75 1.95 4.07 4.23 3.66 1.87 1.31 2.80 1.81 

EC-05 5.13 2.85 2.85 5.37 2.36 2.20 2.51 3.40 2.23 

 
3.2. Heavy Metals  

Heavy Metals in Sediments: Variations in the concentrations of heavy metals were observed in 

the sediment samples over time, from the initial sampling period to mid-January. These 

fluctuations may suggest changes in environmental conditions or inputs of heavy metals into 

the sediment during this timeframe. The heavy metal concentrations in the current study were 

comparable with the previous studies carried out in Ennore Creek. The heavy metal data from 

Ennore Creek is presented in Table 5 and provides insight into the levels of various heavy 

metals within the creek's environment. 

Heavy Metals in Surface and Ground Water: The heavy metal concentrations in the Ennore 

Creek waters varied spatially and was comparable to the previously reported values from 

Ennore Creek.  
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Table 5: Heavy metal concentrations in sediments from Ennore Creek.  

Sample 
Id 

Sampling 
date 

Cd 
(µg/g) 

Co 
(µg/g) 

Cr 
(µg/g) 

Cu 
(µg/g) 

Mn 
(µg/g) 

Ni 
(µg/g) 

Pb 
(µg/g) 

V 
(µg/g) 

EC-01 19-12-2023 BDL BDL 7.66 1.05 33.1 1.52 0.20 4.99 
22-12-2023 BDL BDL 4.52 0.17 18.3 0.37 BDL 3.19 
26-12-2023 BDL BDL 8.55 1.79 39.1 1.33 0.46 4.84 
29-12-2023 BDL 0.14 9.90 3.63 37.3 1.76 0.94 7.16 
02-01-2024 1.18 18.4 10.2 50.0 49.3 4.40 3.70 9.06 
09-01-2024 BDL 0.91 13.7 8.03 51.0 3.73 2.23 8.73 

EC-02 19-12-2023 5.21 8.30 95.6 90.8 204.9 28.9 20.7 56.3 
22-12-2023 0.82 6.85 50.5 29.5 266.2 17.1 8.74 38.6 
26-12-2023 0.74 2.63 44.4 24.7 84.2 10.8 4.65 35.9 
29-12-2023 1.45 4.23 43.2 34.9 129.4 13.2 8.32 28.6 
02-01-2024 BDL BDL 47.5 5.67 40.1 2.07 0.57 6.07 
09-01-2024 0.72 1.65 28.8 23.4 58.2 5.93 5.35 16.7 

EC-03 19-12-2023 1.35 7.28 61.5 39.6 213.7 21.5 10.4 45.8 
22-12-2023 10.3 8.85 87.8 122.5 266.7 26.4 15.9 52.1 
26-12-2023 BDL 4.30 32.1 15.4 154.2 11.2 4.42 23.9 
29-12-2023 4.57 9.41 76.2 76.6 256.6 28.1 14.2 49.2 
02-01-2024 0.27 5.64 46.5 21.5 201.0 15.0 7.16 35.6 
09-01-2024 1.64 8.15 67.6 44.2 234.1 23.8 12.2 49.9 

EC-04 19-12-2023 7.39 10.7 114.5 123.1 205.3 39.4 26.7 67.6 
22-12-2023 3.42 9.19 77.7 65.0 181.0 29.3 15.8 55.2 
26-12-2023 4.75 5.45 65.5 71.2 138.6 18.7 11.3 43.1 
29-12-2023 3.08 3.16 51.9 59.1 96.3 12.6 12.3 26.6 
02-01-2024 4.76 7.21 84.2 80.7 203.5 25.0 15.1 49.2 
09-01-2024 8.57 9.96 117.9 145.3 236.6 34.1 24.7 67.2 

EC-05 19-12-2023 3.35 11.7 92.8 76.7 247.7 35.1 18.7 72.2 
22-12-2023 3.90 10.2 83.2 77.9 225.1 30.9 19.9 61.3 
26-12-2023 2.82 8.78 73.1 66.0 195.3 26.3 14.6 52.0 
29-12-2023 3.25 7.58 72.7 74.6 186.6 24.0 17.1 51.7 
02-01-2024 BDL 5.18 32.1 22.2 125.9 12.7 7.80 32.3 

EC-06 19-12-2023 BDL BDL 11.1 8.14 21.7 2.48 1.87 4.22 
22-12-2023 0.10 6.16 70.7 71.0 154.1 22.8 17.0 38.7 
26-12-2023 9.59 9.41 164.6 222.2 241.7 38.5 41.2 56.2 
29-12-2023 4.05 8.09 372.2 353.1 147.3 57.0 67.8 70.2 
02-01-2024 12.0 7.06 189.5 297.6 177.3 37.5 53.0 53.8 
09-01-2024 11.7 7.81 120.3 232.2 155.4 35.7 35.6 51.3 

EC-07 19-12-2023 BDL BDL 29.9 16.7 36.8 3.54 4.08 13.1 
22-12-2023 BDL BDL 5.66 2.51 16.1 0.84 0.21 2.59 
26-12-2023 BDL BDL 8.49 3.20 19.4 0.97 0.83 5.22 
29-12-2023 BDL 4.19 38.6 27.4 132.0 11.9 7.70 24.0 
02-01-2024 BDL BDL 6.47 5.35 20.1 1.30 0.88 4.46 
09-01-2024 BDL 1.70 26.0 17.8 68.0 6.48 4.87 14.3 

EC-08 19-12-2023 BDL BDL 3.61 0.53 10.5 0.33 BDL 1.97 
29-12-2023 12.7 6.35 137.1 211.7 130.7 31.3 42.1 50.4 
02-01-2024 BDL 5.62 31.20 14.2 160.5 13.7 5.54 34.4 
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09-01-2024 20.1 6.25 192.6 302.0 171.9 36.1 46.3 54.6 
EC-09 19-12-2023 0.44 2.80 67.08 111.1 71.8 17.6 19.9 20.1 

22-12-2023 BDL BDL 4.08 0.24 34.2 0.51 BDL 1.54 
26-12-2023 BDL 0.82 24.9 24.7 46.1 4.83 5.22 7.52 
29-12-2023 BDL BDL 5.53 1.38 19.3 1.67 0.22 2.84 
02-01-2024 BDL 1.04 25.9 40.3 38.3 6.98 8.57 10.4 

EC-10 19-12-2023 BDL 1.03 12.0 3.57 70.3 2.41 2.19 9.20 
22-12-2023 3.32 6.48 61.9 63.0 131.3 21.0 13.3 39.2 
26-12-2023 BDL 0.74 8.84 1.39 36.7 1.83 0.65 6.37 
29-12-2023 BDL 0.30 6.78 2.31 26.5 1.91 0.42 3.70 
02-01-2024 BDL 0.79 8.78 1.57 45.4 1.73 1.81 7.29 

BDL: Below Detection Limit 
 

Table 6: Heavy metal concentrations in surface waters from Ennore Creek.  

Sampling 
date 

Sample 
ID 

Cd 
(μg/l) 

Co 
(μg/l) 

Cr 
(μg/l) 

Cu 
(μg/l) 

Mn 
(μg/l) 

Ni 
(μg/l) 

Pb 
(μg/l) 

V 
(μg/l) 

19-12-2023 EC-01 0.04 0.08 0.21 2.82 1.18 1.96 0.38 1.66 
EC-02 0.05 0.14 0.24 2.16 1.63 2.22 0.58 1.90 
EC-03 0.03 0.02 0.15 0.61 0.65 0.57 0.21 0.28 
EC-04 0.19 0.20 0.27 2.13 8.47 2.79 0.58 2.14 

22-12-2023 EC-01 0.15 0.22 0.34 3.45 3.70 3.79 1.23 2.68 
EC-03 0.10 0.24 0.38 4.35 7.75 3.44 0.76 2.89 
EC-05 0.17 0.18 0.35 1.96 9.19 2.72 1.06 1.95 
EC-09 0.09 0.09 0.29 1.32 3.13 1.90 0.67 0.95 

26-12-2023 EC-01 0.12 0.10 0.35 2.72 1.54 2.09 0.56 2.05 
EC-03 0.31 0.25 0.22 2.55 5.12 2.32 0.88 3.28 
EC-05 0.08 0.12 0.18 2.25 1.21 0.46 0.43 2.02 
EC-07 0.20 0.16 0.27 1.50 5.22 2.28 0.92 0.91 
EC-09 0.02 0.01 0.19 1.56 1.24 0.24 0.52 0.25 

29-12-2023 EC-01 0.09 0.15 0.29 2.69 3.81 0.92 0.85 1.61 
EC-03 0.10 0.23 0.18 7.86 2.12 1.11 1.87 2.33 
EC-05 0.08 0.15 0.54 5.42 3.21 2.71 1.20 2.98 
EC-07 0.06 0.25 0.25 2.12 2.04 1.69 0.98 0.99 
EC-09 0.08 0.34 0.23 3.02 2.74 2.73 1.41 2.51 

02-01-2024 EC-01 0.04 0.51 0.38 2.67 1.14 0.94 0.94 2.27 
EC-03 0.04 0.20 0.26 1.72 1.05 1.08 0.78 2.13 
EC-05 0.02 0.08 0.20 1.97 1.74 1.15 0.52 1.55 
EC-07 0.17 0.30 0.32 2.93 13.14 4.08 1.28 1.69 
EC-09 0.05 0.17 0.18 1.95 4.12 2.50 0.84 2.56 

09-01-2024 EC-01 0.03 0.07 0.23 -- 1.42 1.56 1.14 2.13 
EC-03 0.03 0.09 0.28 4.67 3.26 1.99 1.27 2.26 
EC-05 0.03 0.06 0.21 2.88 1.67 1.52 0.54 1.56 
EC-07 0.14 0.15 0.37 2.01 10.04 3.93 1.15 1.48 
EC-09 0.07 0.10 0.27 1.68 4.14 1.60 0.64 0.96 
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19-01-2024 EC-03 0.02 0.03 0.16 1.20 1.00 0.23 0.12 0.59 
EC-05 0.01 0.00 0.09 2.08 0.21 0.33 0.12 0.50 
EC-07 0.09 0.07 0.13 1.12 3.18 2.05 1.61 0.33 
EC-09 0.06 0.12 0.12 5.87 1.43 2.96 1.21 2.15 

25-01-2024 EC-03 0.15 0.07 0.39 3.16 0.86 1.86 0.63 2.16 
EC-05 0.01 0.05 0.12 1.38 0.52 0.97 0.12 1.43 
EC-07 0.21 0.13 0.37 4.12 13.62 4.28 1.01 1.55 
EC-09 0.06 0.20 0.26 2.29 6.84 3.42 1.05 3.69 

31-01-2024 EC-01 0.11 0.03 0.14 1.32 0.36 0.48 0.19 0.89 
EC-03 0.02 0.04 0.16 3.63 0.42 1.15 3.98 1.31 
EC-05 0.01 0.04 0.13 1.81 0.50 0.52 0.24 1.11 
EC-07 0.03 0.08 0.14 1.59 1.22 1.18 0.53 1.70 
EC-09 0.02 0.04 0.18 2.13 1.21 0.76 0.34 0.94 

 

Table 7: Concentrations of heavy metals in ground water samples adjacent to Ennore Creek.  

Sampling 
Date 

Sample 
ID 

Cd 
(μg/l) 

Co 
(μg/l) 

Cr 
(μg/l) 

Cu 
(μg/l) 

Mn 
(μg/l) 

Ni 
(μg/l) 

Pb 
(μg/l) 

V 
(μg/l) 

19-12-2023 GW-01 0.08 0.04 0.15 1.38 2.34 1.16 0.43 1.97 
GW-02 0.04 0.12 0.07 4.50 1.95 1.59 0.25 1.95 
GW-03 0.08 0.02 0.07 3.96 1.45 1.61 0.27 5.49 
GW-05 0.08 0.12 0.17 2.93 2.73 3.33 0.43 --  
GW-06 0.16 0.04 0.42  -- 0.89 2.10 0.91 2.53 
GW-07 0.25 0.10 0.20 2.85 5.26 3.08 0.45 6.40 
GW-08 0.26 0.20 0.31 9.97 3.25 5.27 1.59 --  

22-12-2023 GW-01 0.11 0.03 0.54 3.10 1.87 1.93 0.74 2.31 
GW-02 0.11 0.02 0.18  -- 1.30 2.08 1.02 2.63 
GW-03 0.02 0.01 0.30 0.90 1.07 0.56 0.85 0.28 
GW-04 0.09 0.14 0.20 2.23 4.19 3.07 0.58 4.29 
GW-05 0.07 0.09 0.23 6.67  -- 1.86 1.40 0.50 
GW-06 0.16 0.03 0.34 9.64 1.22 1.95 0.70 10.59 
GW-07 0.29 0.07 0.21 4.37 4.23 2.13 0.59 6.17 
GW-08 0.52 0.24 0.24 3.06 8.28  -- 0.56 5.12 

26-12-2023 GW-01 0.43 0.04 0.48 --  1.17 1.58 0.69 6.55 
GW-02 0.15 0.02 0.32 5.97 1.49 1.14 1.38 1.96 
GW-03 0.34 0.11 0.16 12.53 0.94 2.30 0.77 4.58 
GW-04 0.09 0.18 0.38 3.21 2.07 1.53 1.77 5.20 
GW-05 0.07 0.16 0.17 1.17 4.09 0.39 0.77 0.79 
GW-06 0.07 0.24 0.25 1.87 1.33 1.94 1.23 14.58 
GW-07 0.20 1.60 0.24 2.75 --  2.54 3.49 7.51 
GW-08 0.15 1.25 0.28 2.65 1.44 2.48 2.38 10.38 

29-12-2023 GW-01 0.15 0.18 0.22 1.68 3.58 0.98 0.81 2.16 
GW-02 0.10 0.36 0.23 2.33  -- 1.26 2.14 3.19 
GW-03 0.10 0.36 0.19 4.71 6.71 1.23 1.38 8.74 
GW-04 0.04 0.22 0.21 --  1.90 1.63 1.41 1.14 
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GW-05 0.18 0.33 0.23 1.49  -- 2.63 0.90 4.96 
GW-06 0.14 0.24 0.26 3.11 1.88 1.82 1.20 3.17 
GW-07 0.15 0.85 0.24 1.54 --  2.24 1.75 4.73 
GW-08 0.09 0.79 0.18 1.63 1.55 1.74 1.74  -- 

02-01-2024 GW-01 0.03 0.03 0.12 0.66 1.27 0.45 0.32 1.10 
GW-02 0.08 0.21 0.13 6.03 8.40 1.50 0.88 2.79 
GW-03 0.05 0.03 0.16 4.02 2.64 1.35 0.62 5.13 
GW-04 0.04 0.07 0.13 --  3.18 2.71 1.25 1.97 
GW-05 0.04 0.08 0.28 0.85 8.56 1.81 0.67 2.16 
GW-06 0.09 0.04 0.19 1.98 2.88 2.32 0.98 4.59 
GW-07 0.06 0.07 0.21 1.95 3.50 2.99 0.90 6.15 
GW-08 0.12 0.33 0.27 4.94 --  6.43 2.41  -- 

09-01-2024 GW-01 0.06 0.01 0.23 0.89 2.49 0.95 0.62 1.08 
GW-02 0.04 0.04 0.11 0.55 9.85 1.46 0.29 0.41 
GW-03 0.07 0.09 0.07 --  8.48 2.80 1.84 2.79 
GW-04 0.04 0.02 0.08 3.62 2.85 1.22 0.34 4.45 
GW-05 0.05 0.20 0.26 0.56  -- 1.99 0.58 1.44 
GW-06 0.09 0.04 0.06 2.38 2.43 1.47 0.91 4.67 
GW-07 0.43 0.05 0.21 1.88 4.21 1.96 0.89 5.79 

19-01-2024 GW-01 0.16 0.25 0.77 2.78 --  1.76 3.96 5.32 
GW-02 0.09 0.02 0.09 0.89 3.88 0.86 0.34 1.77 
GW-03 0.04 0.10 0.11 0.65 2.50 2.02 0.25 0.90 
GW-04 0.06 0.10 0.21 1.62 4.13 2.50 0.79 0.95 
GW-05 0.04 0.05 0.17 2.28 4.61 1.26 0.54 1.81 
GW-06 2.56 0.04 0.14 --  4.89 1.43 1.80 4.72 
GW-07 0.09 0.05 0.08 1.88 5.26 2.58 0.72 3.78 
GW-08 0.13 0.09 0.20 2.53 6.48 2.18 1.66 9.74 

25-01-2024 GW-01 0.19 0.03 0.20 1.34 4.71 1.23 0.36 2.75 
GW-02 0.11 0.10 0.07 1.91 --  1.43 0.65 3.36 
GW-03 0.06 0.02 0.08 4.57 2.00 1.24 0.30 5.84 
GW-04 0.07 0.05 0.09  -- 3.71 3.12 1.65 1.84 
GW-05 0.12 0.32 0.25 3.03  -- 3.38 0.54 3.55 
GW-06 0.16 0.01 0.06 1.95 1.58 1.75 0.53 3.80 
GW-07 0.07 0.04 0.06 1.08 2.59 1.35 0.30 2.07 
GW-08 0.01 0.01 0.05 0.27 0.09 0.23 0.05 0.04 

31-01-2024 GW-01 0.03 0.01 0.22 0.59 1.62 0.87 0.45 1.76 
GW-02 0.05 0.13 0.12 8.15 4.06 1.22 0.65 2.70 
GW-03 0.03 0.02 0.35 2.17 1.57 0.33 0.90 2.19 
GW-04 0.01 0.04 0.04 21.61 1.20 1.29 1.36 0.82 
GW-04A 0.08 0.72 0.23 9.94 --  3.57 0.93 4.95 
GW-05 0.06 0.20 0.06 2.03  -- 1.38 0.45 1.22 
GW-06 0.05 0.04 0.13 3.24 3.87 0.64 0.71 0.95 
GW-07 0.07 0.06 0.08 2.13 8.47 1.85 0.90 6.32 
GW-08 0.05 0.16 0.24 0.92 9.44 3.17 0.70 6.80 
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3.3.Total Petroleum Hydrocarbons  

The TPH concentrations in the surface waters of Ennore Creek were found ranging from 

28.77 µg/l – 1008 µg/l (Figure 7). Higher concentrations of TPH were found in the Buckingham 

canal and neighboring stations in the Ennore creek.  Over the period of sampling, the TPH 

concentrations, were observed to reduce at all the sampling points and may further decrease by 

natural weathering.  

 

Figure 7. Distribution of Total Petroleum Hydrocarbons (µg/l) in the surface waters. 

 The TPH concentrations in the ground waters were found ranging from BDL – 116 µg/l 

(Figure 8). Higher concentrations were observed in all the ground water samples in the initial 

days of sampling and gradually reduced over the period of sampling.  

 

 

 

 

 

 

 

 

 

Figure 8. Distribution of Total Petroleum Hydrocarbons (µg/l) in ground waters. 
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  Figure 9. Distribution of Total Petroleum Hydrocarbons (µg/g) in the sediments. 

The concentrations of TPH in sediment samples is shown in Figure 9. Higher concentrations 

were observed in the Buckingham canal and neighboring stations. The concentrations of TPH 

in sediments did not show any decreasing pattern as observed for the surface water samples. 

The variations observed in the TPH concentrations in the sediments over the period of sampling 

might be due to the continuous dredging in the upstream and Buckingham canal during salvage 

operations.  

3.4. Phytoplankton species composition and abundance  

Phytoplankton abundance: Phytoplankton samples were collected from five designated 

stations, mouth of Ennore creek (EC-01; EC-03), Kosasthalaiyar River (EC-05; EC-09) and 

Buckingham Canal (EC-07) from 19th December 2023 to 31st January 2024 to evaluate the 

spatial distribution and temporal variations in the phytoplankton community due to the oil spill. 

Totally, 78 species belonging to 10 classes: viz., Bacillariophyceae, Chlorellaceae, 

Chlorophyceae, Chrysophyceae, Cryptophyceae, Cyanophyceae, Dinophyceae, Euglenoidea, 

Trebouxiophyceae and Zygnematophyceae were observed. Of these 10 classes, 

Bacillariophyceae was recorded as dominant group with 37 species, followed by 

Chlorophyceae (12) and Cyanophyceae (10).  

Quantitative analysis of phytoplankton revealed gradual increase in the abundance of 

phytoplankton following the oil spill event (Figure 10). The highest population density of 48.12 

x 105 and 47.85 x 105 cells L-1 was observed on 25th and 9th January, 2024, respectively, at 

stations EC-05 and EC-09 (Kosasthalaiyar river; Figure 10). The high abundance observed is 

due to the freshwater green algae viz., Chlorella sp., Chrooccocus sp., Thalassiosira sp., 
Scenedesmus sp., Navicula sp., and Anabaena sp.  
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At EC-07 (Buckingham canal) station, which had been highly polluted by the oil spill and 

sewage, was studied to observe the recovery process. Initially, no presence of phytoplankton 

was observed until 26th December 2023. However, a gradual increase in phytoplankton species 

was noted from 29th December 2023 onwards (Figure 10). The highest population density at 

EC-07 was observed on 2nd January 2024 with an abundance of 21.80 x 105 cells L-1. The high 

density observed was primarily due to the presence of the freshwater cyanobacterium 

Pseudanabaena sp. (Figure 11). 

 

Figure 10. Temporal and spatial variation in phytoplankton abundance. 

Phytoplankton species composition: Changes in species composition was noted during the 

analysis, following the oil spill event till 31st January 2024. During the initial period, 

phytoplankton species composition was predominantly contributed by freshwater algae 

belonging to classes Chlorophyceae, Trebouxiophyceae, Cyanophyceae and 

Bacillariophyceae. The dominant freshwater genera (Figure 11) observed during the study were 
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Actinastrum sp., Anabaena sp., Chroococcus sp., Chlorella sp., Cyclotella sp., Euglena sp., 

Merismopedia sp., Microcystis sp., Monoraphidium sp., Navicula sp., Oocystis sp., 

Stephanodiscus sp., and Thalassiosira sp., which exhibited consistent presence until 19th 

January 2024. However, a notable shift in species composition was observed on 25th and 31st 

January 2024 with estuarine phytoplankton species (genera such as Chaetoceros sp., Tripos 

furca, Cylindrotheca sp., Nitzschia sp., Pleurosigma sp., and Skeletonema sp.) becoming more 

prevalent (Figure 12). The noticeable shift in phytoplankton species composition towards 

estuarine genera such as Chaetoceros sp., Cylindrotheca sp., Nitzschia sp., Pleurosigma sp., 

Skeletonema sp. and Tripos sp., indicates a transition towards estuarine community structure.  

Additionally, the observation of a high abundance of freshwater cyanobacterium 

(Pseudoanbaena sp.), known as a pollution indicator in freshwater environments, on 2nd 

January 2024 suggests an elevated pollution level at Buckingham Canal (EC-07). However, 

from 9th January 2024 onwards, there was a gradual increase in phytoplankton diversity, 

characterized by the presence of various freshwater green algae (Figure 13). This shift indicates 

a transition in the recovery of the freshwater ecosystem in Buckingham Canal (EC-07).  
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Figure 11. Dominant freshwater phytoplankton species (a-h) observed. 
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Figure 12. Estuarine phytoplankton species (a-h) observed on the 25th and 31st January 2024. 
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Figure 13.  The freshwater phytoplankton species (a-e) observed in Buckingham Canal (EC-

07) after 26th December, 2023 and suspended particles (f) observed during the first phase of 

sampling. 

3.5. Microzooplankton 

Microzooplankton play a key role in marine food web dynamics, biogeochemical 

cycling and fish recruitment. With their short life cycle and delicate external membranes, they 

may react more quickly to environmental changes than any other eukaryotic organisms.  
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Microzooplankton composition and community structure: 

Protozoans dominated the microzooplankton community in the samples analyzed. 

Among protozoans, ciliates were the most abundant group, in which aloricate ciliates 

contributed substantially (up to 100%) to the total density of microzooplankton irrespective of 

the sampling dates. A total of 34 species of microzooplankton were reported, of which 32 were 

ciliates and 2 were rotifers. Among ciliates, 24 species were aloricate and 8 species were 

loricate ciliates. Smaller aloricate ciliates like Lohmaniella oviformis, L. spiralis, 

Strombidinopsis minima, Rimostrombidium conicum, Strombidinopsis chesrii were dominant. 

The tintinnid ciliates like Tintinnidium primitivum, Tintinnopsis directa, T. beroidea and 
Codonellopsis ostenfeldii and Helicostomella subtula were present in the Ennore creek and 

Kosasthalayar River, however, were completely absent in the Buckingham canal. Figure 14 

represents some of the dominant microzooplankton observed in the study. 

 
Figure 14. Dominant microzooplankton observed. 

Microzooplankton density 

Microzooplankton density showed temporal and spatial variations (Figure 15). Density 

of microzooplankton varied from 2000 - 129600 No. L-1. High density of microzooplankton 

were observed at locations in Kosasthalayar River (EC-09) and Ennore creek (EC- 01). 
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Maximum density (129600 No. L-1) was observed in Kosasthalayar River (EC-09) on 

02/01/2024 and was associated with dominance of the small aloricate ciliate Lohmaniella 

oviformis. Similarly, dominance of aloricate ciliates L. spiralis and Strombidium minimum in 

the Ennore creek (EC-01) contributed towards the high density (76800 No. L-1) on 19/12/2023. 

The microzooplankton were absent at Buckingham canal region during the initial stages of the 

sampling (Figure 15 and 16). From 2nd January 2024 the microzooplankton density at the 

Buckingham canal location demonstrated an increasing trend, which indicates the revival of 

the microzooplankton at the oil spill site.  

The microzooplankton community responded to oil pollution by regulating the density 

and community structure of its taxa, resulting in variations in their temporal distribution, 

especially at the Buckingham canal. Even though the oil spill had affected the 

microzooplankton at the oil spill site, the system eventually displayed signs of recovery.  

 

Figure 15. Microzooplankton density (No. L-1) at the different stations in Ennore Creek. 

129



 

24 | P a g e  
 

 

Figure 16. Temporal variation in the density of major groups of microzooplankton community 

at Buckingham canal location. Abbreviations MZP- Microzooplankton, LCS- loricate ciliates, 

ACS- aloricate ciliates, RFS- rotifers, CNS- crustacean nauplii. 

3.6. Macrobenthos 
Benthic organisms which are present in the sediments are used as indicators of oil 

pollution especially the dominant fauna polychaetes. Polychaete indicator species have been 

widely used to determine the bioavailability of pollutants and to identify the ecological risks. 

During incidents like oil spill, the sensitive polychaete species are wiped out while the 

opportunistic species dominate. The presence and their abundance can be used in monitoring 

the impacts of oil pollution. 

Abundance and diversity of macrobenthos 

The oil spill in the Ennore Creek had impacted the macrobenthic fauna. In the initial 

surveys (from 19/12/23 to 29/12/23, Figure 17), the abundance of macrobenthic organisms was 

higher along the Ennore Creek mouth (EC-01; EC-03), while decreased in abundance towards 

the riverine region (EC-05, EC-09), while organisms were completely absent in the 

Buckingham canal (EC-07). The macrobenthic organisms were fairly present in the reference 

station (EC-10). The abundance ranged from nil (EC-07; EC-09) to 8200 ind. /m-2 (EC-05). 

Polychaetes, crustaceans and oligochaetes were the major taxa observed in the region, with 

polychaetes being the dominant group (Figure 18). Dead gastropod and bivalve shells were 

present in the sediment samples. Among polychaetes, only Prionospio sp. belonging to family 

Spionidae were present in the sediment samples whereas crustaceans, amphipods were the only 
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group represented. On an average, half of the samples collected, were devoid of life forms 

representing the Buckingham canal (EC-07) and in Kosasthalaiyar river (EC-09) and there 

were no signs of recovery in these two sites.  

After 20 days of initial sampling (09/01/24), there was a recovery of polychaetes in one 

of the sites in the Kosasthalaiyar River region (EC-09, Figure 17), while fauna was completely 

absent in Buckingham canal (EC-07). In the other sites, from Ennore Creek mouth to upstream 

(EC-01; EC-03; EC-05), where spionids only dominated till 20 days of initial sampling, another 

family of polychaete capitellidae showed their presence. After 30 days of initial sampling 

(19/01/24), the presence of polychaetes were observed in Buckingham canal (EC-07, Figure 

17). The abundance of macrobenthic fauna (100 ind.m-2) in the Buckingham canal was 

relatively less compared to creek mouth and riverine sites. The diversity of polychaete fauna 

increased in the Ennore creek mouth, with maximum diversity in EC-03. Seven families 

(Eunicidae, Onuphidae, Pilargidae, Opheliidae, Capitellidae, Spionidae, Sabellidae) of 

polychaetes were observed exclusively in EC-03 (Figure 18). Although the recovery of 

polychaete communities were rapid, there were no signs of recovery of sensitive fauna like 

benthic crustaceans, molluscs and echinoderms in the Ennore Creek mouth. The abundance of 

macrofauna in the reference site (EC-10, Figure 17) showed a three-fold increase in abundance. 

Although all sites of Ennore Creek was impacted by the oil spill, the Buckingham Canal 

was heavily impacted and no macrobenthic fauna was found during the initial sampling. The 

results suggest that spionid polychaetes can be used as indicator species for oil spill incidents 

as certain species of polychaetes (mainly the opportunistic species) are able to withstand the 

adverse conditions in the ecosystem. The results also reveal that partial recovery of benthic 

fauna requires a minimum time period of 60 days. 

 
Table 8. Macrofaunal abundance (ind m-2) in the sampling sites. 

 
Ennore Creek mouth   Buckingham 

Canal 
Kosasthalaiyar River  Reference 

site 
Sampling dates EC-01 EC-03 EC-07 EC-05 EC-09 EC-10 

19.12.23 0 5300 0 1300 0 300 
22.12.23 6500 300 0 1500 0 1400 
26.12.23 6300 2000 0 2200 0 900 
29.12.23 100 3000 0 300 0 400 
02.01.24 1700 7300 0 8200 0 3000 
09.01.24 3700 2800 0 10700 800 6000 
19.01.24 0 11500 100 1900 400 7500 
25.01.24 400 18400 0 15300 2800 24700 
31.01.24 3800 6800 100 11000 600 25500 
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Figure 17. Temporal and spatial variation in the abundance of macrobenthic fauna. 

 

 
Figure 18. Common macrobenthos fauna observed in the sediment samples. 
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Figure 19.   Dominant families of polychaetes found in the mouth of Ennore Creek. 
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3.7.  Impact Assessment of Ennore Oil Spill through in-vivo Microassay on Copepods 

The direct impact of contaminants on marine organisms can be measured through toxicity 

bioassays. Copepods are sensitive to environmental contaminants and widely applied for 

toxicity bioassays. Therefore, a rapid short-term toxicity bioassay was conducted on meio-

benthic harpacticoid copepod Tisbe furcata to assess the impact of oil spill after one month. 

Biological responses of copepod were measured by hydrolysis of Fluorescein diacetate (FDA) 

and Dichlorofluorescein diacetate (DC-FDA). FDA and DCFDA hydrolysis by different life 

stages of the copepod were measured in control and surface waters from Ennore Creek (Figure 

20 and 21). The surface water samples were collected from the mouth of Ennore Creek (ECM) 

and 1km upstream (US) after one month from the incident of oil spill. Significantly higher 

hydrolytic activity of DCFDA by nauplius larvae was observed in water from US than ECM 

(Figure 22). Slightly higher hydrolysis of FDA and DCFDA in US water by adult and subadult 

copepods was observed than the water from ECM. Overall, the toxicity bioassay result 

indicates that the post-oil spill impact on adult and subadult copepods is lesser than the naupliar 

larval stages. This study infers that the impact of oil-spill after one month is reduced however 

further improvement is required to protect the sensitive larval stages from the stress.    

 

Figure 20. Emission of green fluorescence by live copepod observed under epifluorescence 

microscope. 
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Figure 21.  Different life-stages of the copepod observed under light microscope. 
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Figure 22. Ratio of size and DCFDA hydrolysis by the nauplius larvae of harpacticoid 
copepod, Tisbe furcata on 30 min exposure to seawater collected from Ennore estuary after the 
oil spill event (L: length; W: width; ECM: Ennore Creek Mouth; US: Upstream) 
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4. Salient Observations 

For the assessment of oil spill in Ennore Creek post Cyclone Michaung, surface water 

and sediment samples were collected from ten different locations in Ennore Creek covering the 

different sectors like (mouth of Ennore Creek, Buckingham Canal & Kosasthalaiyar River from 

19th December 2023 to 31st January 2024 for the analysis of different physicochemical and 

biological parameters. Additionally, groundwater samples from eight open and bore wells in 

the residential areas in and around the Ennore Creek were analyzed to understand the impact 

of the seepage of TPH into the ground waters. 

Water Quality: There was a subsequent increase in pH at all the sampling sites (ranging from 

7.42 to 7.84) indicating continued improvement in water quality across the Ennore Creek. 

There was an improvement in dissolved oxygen and BOD levels in the last week of January 

2024 suggesting that natural processes or the clean-up actions have helped in restoring the 

oxygen levels to support aquatic life. 

Heavy metals: The concentrations of heavy metals in the sediment and surface water samples 

from Ennore Creek were comparable to the values reported earlier from Ennore Creek.  

Total Petroleum Hydrocarbons: Over the period of sampling from 19th December 2023 to 

31st January 2024 the TPH concentrations in surface waters of Ennore Creek were observed to 

reduce at all the sampling locations and may further decrease by natural weathering. Higher 

concentrations of TPH were observed in all the ground water samples in the initial days of 

sampling and gradually reduced over the period of sampling. However, the concentrations of 

TPH in sediments did not show any decreasing pattern as observed for the surface water 

samples of the Ennore Creek and ground water samples. 

Phytoplankton: A gradual increase in phytoplankton diversity was observed in many of the 

sampling locations suggesting improvement of the water quality. 

Microzooplankton: The Buckingham canal location was severely affected by the oil spill. 

However, by the end of January 2024 the microzooplankton density demonstrated an increasing 

trend, which indicates the revival of the microzooplankton at the oil spill site.  
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Macrobenthos: The macrobenthic community demonstrated recovery within 60 days 

following the oil spill incident.  

Toxicity bioassay: The toxicity bioassay result indicates that the post-oil spill impact on adult 

and subadult copepods is lesser than the naupliar larval stages. The study infers that the impact 

of oil-spill after one month is reduced however further improvement is required to protect the 

sensitive larval stages from the stress.     
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their ponds and ETPs. And also unit is not having either flood management plan or 

emergency contingency plan to contain oil spillage.     

 

7. Monitoring of Water and Air Quality 
7.1 Variation of Oil & Grease level in water bodies 
The presence of 828 mg/L of Oil & Grease and 48.4 mg/L Total Phenolic 

Compounds in the sample collected at Ennore Creek Bridge on 05/12/2023 as against 

the standards of 10 mg/L and 1.0 mg/L  clearly indicates the high oil content in the water 

bodies. (Annexure 2).  

On 07.12.2023, five samples were collected along the Buckingham Canal stretch 

Canal, near IOCL gate, Tondiarpet to 158 mg/L at Ennore creek. This report clearly 

indicates that Oil & Grease value i

compared to its level in Ennore creek which is in the downstream of CPCL. The Oil & 

Grease value was 230 mg/L in the sample collected in the stagnant water in the storm 

water drain near south gate of CPCL. T  Canal in the 

downstream of CPCL and in the stagnant water in the storm water drain near south gate 

of CPCL clearly indicate oil spillage from CPCL.  

The Oil & Grease value in the samples collected on 09/12/2023 from storm water 

ponds inside the CPCL premises ranges from 46 mg/L to 96 mg/L indicates clearly that 

Oil & Grease got mixed with storm water in the unit of CPCL. 

7.2 Variation of Total Petroleum Hydrocarbons (TPH) level in water bodies 

Surface water samples were collected by TNPCB officials and analysed at a 

NABL accredited private laboratory post the oil spillage and cleaning activities carried 

out across Ennore and Neighbouring coastal areas (17-12-2023 to 28-12-

2023).Samples were analysed for Total Petroleum Hydrocarbons (TPH) and the results 

are tabulated below. The decreasing trend of TPH value from 17/12/2023 to 23/12/2023 

in most of the locations and the flat graph of the same from 23/12/2023 probably 

indicates that no fresh contam
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major contributor of TPH. The cleaning and remediation activities is responsible for 

reduction of TPH initially.  

 

Sampling Location 17.12.2023 18.12.2023 21.12.2023 23.12.2023 28.12.2023 

Sathyamoorthy Nagar 0.772 2.458 1.302 0.565 0.653 
SivanpadaiVeedhi 0.619 1.185 1.034 0.672 0.837 
Kattukuppam 0.584 0.775 1.355 0.253 0.344 
Thaazhankuppam 0.488 0.787 0.536 0.217 0.576 
Nettukuppam 0.402 0.74 0.573 0.294 0.277 
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Graphs showing the variation of TPH value at various sampling locations 
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Executive Summary 

Cyclone Michaung in 2023 caused significant disruption in coastal areas with heavy rainfall 
and strong winds, particularly impacting Chennai. The persistent rainfall led to widespread 
flooding and inundation, intensified by the release of excess water from the Poondi and Puzhal 
Lakes. The floodwaters inundated industrial zones including Manali, Tiruvottiyur, and Ennore 
and led to the oil spill in the Buckingham Canal and Ennore Creek. 
 
To estimate the quantity of oil in the Buckingham Canal and the Kosasthalaiyar River, CPCL 
entrusted the task to the Department of Ocean Engineering at IIT Madras (IITM). IITM was 
chosen for its access to advanced and sophisticated technology, offering a significant advantage 
over conventional methodologies traditionally used for such assessments. 
 
IITM developed a model to estimate the total oil spilled in the Buckingham Canal and 
Kosasthalaiyar River using high-resolution PlanetScope satellite data. This advanced approach 
enabled precise detection and quantification of the oil spill, highlighting the effectiveness of 
modern remote sensing technology in oil spill monitoring and assessment. 
 
Also, as part of the scope defined, sediment and soil samples were analyzed to assess the 
concentration of total petroleum hydrocarbons (TPH) in it. The samples from six locations, 
spanning from the Buckingham Canal to Ennore Creek, are collected. 
 
Flow from the Puzhal and Poondi Lakes were estimated using the Hydrologic Modeling System 
(HMS), River Analysis system (RAS) model and satellite data during the Michaung Cyclonic 
event (02-06 Dec 2023). 
 
A flood inundation map was generated using the RAS model, incorporating flow contributions 
from the Puzhal and Poondi Lakes along with the precipitation across the study area. 
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The salient observations are as under: 
 

1. The image acquired on 19th November 2023, prior to the oil spill, was analysed to 
establish baseline conditions of the study area. This pre-spill image (Refer page no: 13), 
showed no traces of oil contamination, with natural features such as water bodies and 
surrounding vegetation appearing in their typical spectral characteristics. 

2. Satellite observations on 7th Dec, 2023 image revealed the oil spill quantity from Manali 
industrial area to Ennore creek including the residential / adjacent area is 20.53 M3 
(16.4 T). (Refer page no: 15). The oil volume was calculated by multiplying the oil 
thickness in each pixel by the pixel’s coverage area. The combination of oil fraction, 
thickness, and volume maps offers a comprehensive understanding of the spill’s 
magnitude and distribution, enabling informed decision-making for mitigation and 
remediation efforts. 

3. The 26th Dec, 2023 post-mitigation image was examined to evaluate the effectiveness 
of the clean-up operations. The oil volume image (Refer page no: 16) showed no visible 
traces of oil, suggesting successful removal. 

4. Oil typically floats on water due to its lower density, and when an oil spill occurs, the 
oil tends to remain on the water surface rather than settling down to the channel bed 
and requires longer period for settling. 

5. The TPH estimates from the ground based discrete sediment samples are highly biased. 
Extrapolation of such TPH values from discrete samples to arrive oil quantity for the 
entire area would lead to erroneous results. 

6. Present sediment analysis at upstream of Manali Industrial area reveals TPH 
concentration in the range of 1-5 mg/Kg and downstream is 1 to 30 mg/Kg (Refer page 
no: 35 and 36). This is in line with similar study submitted by Barath kumar et al., in 
Aug 2023 & NCCR (Annexure). 

7. The persistent presence of TPH in the channel bed sediments is likely due to the 
continuous discharge of urban runoff, municipal waste, oil releases from fishing boats 
and commercial/industrial discharges into the Buckingham Canal and Ennore creek. 

8. No visible oil traces were observed on the water surface during the field survey. 
9. The flood inundation map was generated during the cyclonic rainfall event, with flow 

contributions from the Puzhal and Poondi Lakes, in addition to precipitation across the 
region.  

 The entire catchment area experienced continuous precipitation and 
runoff flows, resulting in flow depths significantly exceeding the capacity 
of the Kosasthalaiyar river. 

 This caused the overflow of the water from the canal to the adjoining 
areas and led to the reverse flow of water in the canal segments during 
high tide. 

 The continuous precipitation, surface runoff and flows coming from 
Poondi and Puzhal Lakes increased the water volume and depth in the 
river and canal, leading to the reversal and overflow of water from the 
canal to the adjoining areas (70000 cusec approx. in K-river). 
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1. Outline of the study 

 
The study aims to assess the oil spill using satellite-based data, with a focus on detecting 

oil on water surfaces. It will involve conducting in situ experiments to analyze the spectral 
signatures of oil compounds and estimating their fraction in sediments/soils. Additionally, the 
study will utilize flow estimation models and satellite data to understand the dispersion and 
movement of oil, providing a comprehensive analysis of oil spill. 
 
 
2. Scope of Work 
 

• Satellite based assessment of oil spill in Chennai. 
• In-situ experiments and spectral analysis of oil compounds. 
• Sediment/soil sample analysis for oil fraction estimation. 
• Flow estimation using model/satellite data. 
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3. Introduction 

Cyclones are among the most devastating natural disasters that significantly impact 
coastal regions, causing severe damage to infrastructure, livelihoods, and the environment. The 
Bay of Bengal is known for its frequent cyclonic activity, often resulting in heavy rainfall, 
storm surges, and flooding in adjacent areas. One such severe cyclonic storm, named 
"MICHAUNG," formed over the Bay of Bengal in late 2023, leaving a trail of destruction in 
its wake. This extreme weather event particularly affected the coastal districts of North Tamil 
Nadu and South Andhra Pradesh, where exceptionally heavy rainfall inundated low-lying 
areas. Chennai city experienced unprecedented rainfall during this period, with the 
Nungambakkam Meteorological Station recording a staggering 530 mm of rainfall between 
December 2 and 4, 2023. 

The heavy rainfall not only inundated vast stretches of land but also led to the excessive 
discharge of water from major lakes, including the Poondi and Puzhal Lakes. This sudden and 
voluminous river discharge overwhelmed the Kosasthalaiyar River and nearby waterways, 
intensifying flooding in low-lying areas and contributing to significant ecological and 
infrastructural damage. The additional water flow compounded the challenges faced by the 
affected communities, disrupting livelihoods and displacing many residents. Among the areas 
hit hardest was Manali and Ennore, a key industrial hub in Chennai known for its extensive 
petrochemical and petroleum industries. 
 

 
To assess the extent and severity of the oil spill, a comprehensive post-disaster 

assessment was undertaken. The investigation covered a range of activities, including: 

 Flow and flood inundation analysis in the Buckingham Canal (pre- and post-cyclone). 

 Collection of sediment samples for laboratory analysis to determine contamination 
levels. 

 Mapping the spread of oil, focusing on estimating oil thickness and volume using 
satellite remote sensing data. 

The findings from this assessment provide critical insights comparing conditions before 
and after the oil spill. The report also highlights the importance of integrating field 
investigations, laboratory studies, and satellite data analysis to understand 

 
4. Study area 

This study investigates the oil spill regions resulting from flood inundation caused by 
Cyclone Michaung in the northern part of Chennai, located on the south-eastern coast of India. 
The region’s geographical coordinates are approximately 13° 4' 2.78'' N and 80° 14' 15.42'' E. 
Leveraging PlanetScope satellite data, the study examines the spatial extent and impact of oil 
spills, particularly in industrial areas prone to environmental hazards during extreme weather 
events. 
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Figure 1. Geographic representation of the study area in Northern Chennai. 

The study area focuses on the part of Northern Chennai, covering the Ennore Creek, 
Kosasthalaiyar River, Buckingham Canal, and the Manali Industrial Area, a central hub for 
industrial and economic activity. Situated along the East Coast, this region is characterized by 
a mix of industrial and urban landscapes, making it a vital yet vulnerable area. The Manali 
Industrial Area, located approximately 20 km north of Chennai at 13˚10'4'' N latitude and 
80˚15'43'' E longitude, is an extensive industrial hub. It hosts a diverse range of industries, 
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including oil refining, petrochemicals, pharmaceuticals, engineering, and chemicals. The area 
is essential to India's petrochemical and energy sectors, providing raw materials critical for 
various industries. Adjacent to the Manali Complex lies the Ennore Industrial Area, which 
houses thermal power plants, oil terminals and large-scale chemical and fertilizer units, forming 
an integrated industrial hub. The region is intersected by numerous water bodies, including the 
Kosasthalaiyar River, Buckingham Canal, and the Ennore Creek. Despite the presence of these 
water systems, the area is prone to frequent flooding. This vulnerability is exacerbated by the 
absence of a comprehensive drainage master plan, encroachments on natural watercourses, 
inadequate storm water drainage infrastructure etc. During Cyclone Michaung, floodwaters 
inundated industrial zones, intensifying the risks of oil spills and chemical contamination. This 
study's investigation of oil spill impacts, using advanced satellite data, provides valuable 
insights into assessing the oil spillage during extreme weather events. 
 
 
5. Satellite based oil volume estimation 

5.1 Data used 

The PlanetScope satellites are a part of the SuperDove constellation, provides enhanced 
spectral capabilities along with high spatial and temporal (daily) resolution. It consists of 
numerous small, low-cost Cube satellites designed to capture multispectral imagery across 
eight spectral bands: Coastal Blue (444 nm), Blue (492 nm), Green I (533 nm), Green II (566 
nm), Yellow (612 nm), Red (666 nm), Red Edge (704 nm), and Near-Infrared (866 nm). The 
satellite imagery has a swath width of approximately 24 km and a pixel size of 3-4 meters, with 
a daily revisit period. PlanetScope satellite imageries were purchased from the Planet Labs Inc. 
through the web portal (https://www.planet.com/explorer/). The top-of-atmosphere radiance 
products (bundle named analytic_8b_udm2) covering the Chennai coastal region were acquired 
for specific periods before, during, and after the cyclone Michaung event in December 2023 
(Refer Table 1). 

Table 1. PlanetScope satellite data used in this study 
 

S. No Date Description 

1 19 November 2023 Before the Oil Spill 

2 07 December 2023 After the Oil Spill 

3 26 December 2023 After Mitigation 

 
5.2 Linear spectral unmixing model 
 

Linear Spectral Unmixing Models (LSUM) are widely utilized in remote sensing to 
unmix mixed pixels and quantify the proportion of different materials in a pixel. This model 
assumes that the observed spectrum of a pixel is a linear combination of the spectra of 
endmembers, which represent the pure components in the scene. LSUM is especially effective 
in scenarios involving fractional abundances of materials with distinct spectral characteristics, 
such as oil spills and water bodies. LSUM has been extensively applied in various 
environmental monitoring tasks, including vegetation analysis, urban mapping, and marine 
applications. LSUM is particularly useful for oil spill detection because it can decompose the 
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spectral signature of mixed pixels containing oil, water, and other constituents. By leveraging 
high-resolution multispectral or hyperspectral data, LSUM enables the estimation of oil 
thickness and spatial distribution over water surfaces. The application of LSUM for oil spill 
estimation is a robust and versatile approach for remote sensing-based environmental 
monitoring. By incorporating known oil thickness endmembers and addressing the challenges 
associated with mixed spectra, LSUM provides accurate quantification of oil spills. 
5.3 Methodology 

The top-of-atmosphere radiance products from the PlanetScope sensor were acquired 
for the Chennai coastal region. Banerjee and Shanmugam (2021) further refined the above 
described SS14 atmospheric correction scheme and validated it using MSI sensor data from the 
Sentinel-2 satellite, which has a 10 m resolution. In this study, the refined atmospheric 
correction scheme was applied to PlanetScope data to produce realistic ܴݏݎ values. The 
processed PlanetScope image offers a detailed and high-resolution view of the study area 
affected by the oil spill. This date was particularly crucial because it was the only day during 
the observation period when the satellite data was completely free of cloud cover, ensuring 
clear and unobstructed imagery of the spill site. The image was pre-processed to correct for 
atmospheric and geometric distortions, ensuring its accuracy for further analysis. A true colour 
composite image was generated using remote sensing reflectance (Rrs) products, specifically 
the red (Rrs_666), green (Rrs_566), and blue (Rrs_492) spectral bands. This combination mimics 
how the human eye perceives the Earth, providing a realistic and visually interpretable 
representation of the oil spill and its surrounding environment. The true colour image highlights 
the contrast between the oil spill and the natural features of the area, such as water bodies and 
vegetation, making it easier to identify the extent of the spill. 

In-situ observations during field experiments were systematically conducted to study 
the spectral characteristics of oil and their direct correspondence to its thickness. Radiometric 
data, including both radiance and irradiance measurements, were collected under natural 
environmental conditions to capture the optical properties of the oil. The in-situ spectra of oil 
with varying thicknesses were accurately recorded, revealing distinct spectral signatures that 
correlated with specific thickness ranges. These spectral variations were analysed to identify 
key wavelengths and patterns that could be used to differentiate between thin sheen and thicker 
oil layers. To quantify the oil spill, a technique called linear spectral unmixing was employed. 
This method uses the spectral signatures of pure oil and water as endmembers to decompose 
mixed pixels into their constituent components. By analysing the reflectance properties of these 
endmembers, the proportion of oil in each pixel was estimated, with values ranging from 0 
(indicating no oil) to 1 (indicating pure oil). This process provided a detailed map of the oil 
fraction across the study area, revealing the spatial distribution of the spill. Using the known 
thickness of the oil spectra endmember, the oil thickness was then estimated by correlating it 
with the oil fraction results. A colour-coded map was created to visually represent the oil 
thickness, with darker or more intense colours indicating thicker oil layers. This visualization 
helps identify areas with the highest oil concentrations, which is critical for prioritizing clean- 
up efforts and assessing the environmental impact of the spill. 

Finally, the oil volume was calculated by multiplying the oil thickness in each pixel 
by the pixel’s coverage area. Since the PlanetScope imagery has a resolution of 3 × 3 meters, 
each pixel represents an area of 9 square meters. The oil volume map, accompanied by a colour 
bar, illustrates the spatial distribution of the oil volume across the study area. This map provides 
valuable insights into the total amount of oil spilled, highlighting hotspots where the volume is 
the highest. The combination of oil fraction, thickness, and volume maps offers a 
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comprehensive understanding of the spill’s magnitude and distribution, enabling 
informed decision-making for mitigation and remediation efforts. This detailed analysis 
underscores the importance of remote sensing and spectral techniques in monitoring and 
managing environmental disasters like oil spills, providing critical data for effective response 
strategies. 

 

Figure 2. Flowchart representing the methodology followed to estimate the oil volume. 
 
 
5.4 Results and discussion: 

The analysis of the PlanetScope imagery before, during, and after the oil spill event 
provides a comprehensive understanding of the spill's impact and mitigation effectiveness. The 
image acquired on 19th November 2023, prior to the oil spill, was analysed to establish baseline 
conditions of the study area. This pre-spill image (Fig. 3, page no: 13), showed no traces of oil 
contamination, with natural features such as water bodies and surrounding vegetation appearing 
in their typical spectral characteristics. The absence of any spectral anomalies or deviations in 
reflectance values validated that no oil contamination was present before the event. 
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Following the oil spill, the 7th December 2023 image (Fig. 4 and 5, page no: 14 and 15) 
was analysed to estimate the extent and severity of the contamination. Using the linear spectral 
unmixing technique, the oil fraction image was generated, illustrating the proportion of oil 
within each pixel. To further assess the impact, an oil thickness image was created by 
correlating the oil fraction with known oil thickness values derived from in-situ spectral 
measurements. The thickness map provided a clear representation of the variations in oil layer 
densities, distinguishing between thin oil sheens and thicker accumulations. 

The oil volume map, along with thickness maps (Fig. 4 and 5, page no: 14 and 15), 
provided a detailed spatial representation of the contamination. Satellite observations revealed 
the oil spill quantity from Manali industrial area to Ennore creek including the residential / 
adjacent area is 20.53 M3 (16.4 Tons). 

The 26th December 2023 post-mitigation image was examined to evaluate the 
effectiveness of the clean-up operations. The oil volume of this image (Fig. 6, page no: 16) 
showed no visible traces of oil, suggesting successful removal or dispersion of the spilled oil. 
A spectral analysis confirmed that the reflectance properties of the water had returned to pre-
spill conditions, with no significant deviations indicating residual contamination. The absence 
of oil signatures in the results (Fig. 6, page no: 16), further supported this conclusion, 
demonstrating that the remediation efforts had effectively restored the environmental 
conditions of the study area. 

The comparison of pre-spill, post-spill, and post-mitigation images highlights the 
effectiveness of remote sensing techniques in monitoring oil spill incidents. The integration of 
high-resolution PlanetScope imagery, in-situ spectral data, and advanced image analysis 
methods provided an accurate and reliable assessment of the spill’s extent, severity, and 
subsequent mitigation. The study highlights the critical role of satellite-based monitoring in 
environmental disaster response, enabling timely decision-making and targeted intervention 
strategies. By leveraging remote sensing for oil spill assessment, authorities can enhance their 
ability to detect, quantify, and mitigate oil spills, minimizing ecological and economic damages 
associated with such environmental hazards. 
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19 Nov 2023 
 
 
 
 
 
 
Figure 3. Map showing oil volume image derived from the PlanetScope data of the Chennai 
coast, on 19 November 2023 (no oil patches were observed in this image). 
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Figure 4. Map showing oil thickness from the PlanetScope data of the Chennai coast, on 07 
December 2023.
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Figure 5. Map showing oil volume from the PlanetScope data of the Chennai coast, on 07 
December 2023. 
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Figure 6. Map showing oil volume image derived from the PlanetScope data of the Chennai 
coast, on 26 December 2023 (no oil patches were observed in this image). 
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6.  Flow analysis using hydrological models 

6.1 Data 

6.1.1 Digital elevation model (DEM) 

A Digital Elevation Model (DEM) is a crucial geospatial dataset that provides a three- 
dimensional representation of the Earth's surface by showing its terrain elevation at specific 
intervals, free from vegetation, buildings, and other surface features. DEMs are foundational 
for numerous geospatial and hydrological applications, as they enable the analysis of landform 
characteristics such as slope, aspect, drainage patterns, and elevation differences. These models 
were useful for hydrological studies, as they useful for watershed and sub-basin delineation, 
slope computation, flow direction and accumulation analysis, flood modelling, and 
river/channel network identification. The accuracy and resolution of a DEM significantly 
influence the precision of the hydrological and hydraulic models. 

For this study, two high-resolution DEM datasets were acquired: the Shuttle Radar 
Topography Mission (SRTM) DEM with a spatial resolution of 30 m (Fig. 7, page no: 18) and 
the Cartosat DEM with a finer resolution of 2.5 m (Fig. 8, page no: 19), both covering the 
Chennai region. The SRTM DEM (https://earthexplorer.usgs.gov/), derived from radar 
interferometry, provides global coverage and was widely used for regional-scale studies due to 
its consistent quality. The Cartosat DEM (https://bhuvan-app3.nrsc.gov.in/), generated from 
stereo images captured by the Cartosat-1 satellite, offers higher spatial detail, making it suitable 
for localized studies requiring detailed terrain information. These DEM datasets were 
reprocessed using Geographic Information System (GIS) tools to ensure compatibility with the 
study area, defined by the Chennai boundary shapefiles. 

The DEM preprocessing involved clipping the terrain data to the study area boundary, 
removing any sinks (depressions) to ensure accurate flow direction and accumulation 
modelling, and aligning the projection to the World Geodetic System, 1984 (WGS84). WGS84, 
a globally recognized reference system, ensures consistency in spatial referencing for 
hydrological modelling. The study area, located in the 43° Northern Hemisphere zone, was 
assigned this coordinate system to the DEM to ensure compatibility and alignment with other 
geospatial data products used as inputs to this hydrological modelling.
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Figure. 7 The SRTM DEM with a resolution of 30 m.
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Figure. 8 The Cartosat DEM with a resolution of 2.5 m. 
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6.1.2   Land use/cover 

Land use (LU) refers to the way land and its resources were utilized to fulfill various 
human needs, including agriculture, urban development, forestry, recreation, or industrial 
activities. On the other hand, land cover (LC) describes the physical and biological 
characteristics of the Earth's surface, encompassing features such as vegetation, water bodies, 
barren land, and built-up areas. In this study, satellite imagery was utilized to identify various 
LC types, providing a high-resolution view of the physical surface features of the region. The 
acquired LU/LC maps were digitized within ArcGIS (10.1 version), allowing for precise 
delineation of different land cover classes, such as urban areas, agricultural fields, forests, and 
water bodies. Additionally, the software was used to calculate the spatial extent of each LC 
type, enabling a quantitative assessment of land distribution in the study area. The LU/LC data 
maps (Fig. 9, page no: 21) were further integrated with hydrological models to analyse their 
impact on surface runoff, infiltration, and flood dynamics. The urbanized areas with impervious 
surfaces tend to reduce infiltration and increase surface runoff, whereas vegetated areas 
promote water retention and groundwater recharge. This information was critical for urban 
planning, watershed management, and implementing strategies to mitigate flood risks. By 
comparing historical and current satellite imagery, trends such as urban sprawl, loss of 
vegetation cover, or expansion of water bodies can be analysed to inform decision-making 
processes for sustainable development. This integration of satellite data and GIS analysis 
provides for monitoring and managing land resources effectively. 

6.1.3  Soil data 

Soil data (https://indiawris.gov.in/wris/#/soil) plays a significant role in hydrological 
modelling by providing essential information on soil types, texture, infiltration rates, and 
hydrological soil groups. These parameters are crucial for estimating water losses, such as 
infiltration and percolation, which significantly impact surface runoff generation and overall 
watershed hydrology. Understanding the soil's physical and hydrological properties helps the 
model how water interacts with the land surface, affecting processes like runoff, infiltration, 
and groundwater recharge. In the present study, soil classification maps are used to identify the 
dominant soil type in the region, which is found to be primarily clayey, shale and sandstone. 
The clayey soils are characterized by fine particles, low permeability, and high-water retention 
capacity. These properties influence hydrological behaviour by reducing infiltration rates and 
increasing surface runoff, particularly during intense rainfall events. The classification of soils 
into hydrological groups, based on their infiltration and drainage characteristics, provides 
valuable inputs for hydrological models. The clayey soils generally fall into hydrological 
groups with low infiltration rates, which are critical for estimating runoff volumes and peak 
discharges.
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Figure. 9 Land use/cover map of Chennai region. 
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6.1.4    Precipitation data 

Precipitation is a critical hydrological parameter that represents the intensity, amount, 
and spatial-temporal distribution of rainfall over a given area. It serves as the primary input for 
hydrological models to simulate runoff, infiltration, and other water cycle components. 
Accurate precipitation data is essential for understanding and predicting the hydrological 
response of a catchment, especially during extreme weather events such as cyclones. For this 
study, precipitation data was obtained from satellite-derived datasets, specifically the 
Integrated Multi-satellite Retrievals for GPM (IMERG). The IMERG dataset, a product of 
NASA’s Global Precipitation Measurement (GPM) mission, provides high-resolution 
precipitation estimates derived from multiple satellite observations. This data is particularly 
valuable for areas with limited ground-based rain gauge networks, as it ensures continuous 
spatial and temporal coverage. The IMERG data was downloaded with a temporal resolution 
of 30 minutes to capture the dynamic rainfall patterns during the MICHAUNG cyclonic event 
(December 3 to December 6, 2023). This timeframe allowed for detailed monitoring of the 
rainfall distribution and intensity during the peak of the cyclone (Fig. 10, page no: 22). 
 

 
Figure. 10 Precipitation data downloaded from the IMERG for the Chennai region from 3 to 7 
Dec 2023. 

6.1.5   Discharge data 

Poondi Lake, also known as Sathyamoorthy sagar, is a major water resource formed 
across the Kosasthalaiyar River to enhance the water supply for Chennai City. It serves as a 
critical source of water for the Kosasthalaiyar river and plays a significant role in meeting the 
city’s water demands. Additionally, Puzhal Lake, another prominent Lake in the region, also 
contributes to the flow in the Kosasthalaiyar river. Together, these water bodies significantly 
influence the hydrology of the region, particularly during extreme weather events. For this 
study, the discharge from the Lakes the data was attained from the literature (Radhakrishnan et 
al., 2024). The Poondi Lake and other connected water bodies discharged substantial volumes
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of floodwaters during the MICHAUNG cyclone in December 2023. The data used for this study 
corresponds to the period from 4 to 7 December, 2023, which coincides with the peak of the 
cyclonic event. This period was chosen to capture the Poondi and Puzhal Lakes response to the 
intense rainfall and its contribution to downstream flooding. Figure 11 shows the flow from the 
Poondi and Puzhal Lakes. 
 

 
Figure. 11 The outflow release data of Poondi and Puzhal Lakes for the Chennai region from 
4 to 7 Dec 2023. 

6.2 Methodology 

There were numerous models available for hydrological modelling. The choice of 
model is contingent upon the specific characteristics of the basin as well as the intended purpose 
of the hydrological forecasting within that particular basin (Ocio et al., 2020). This study 
utilized a semi-distributed hydrologic model, the Hydrologic Engineering Center- Hydrologic 
Modelling System (HEC-HMS), to model the rainfall-runoff process in the Kosasthalaiyar 
River and Buckingham canal. The HEC-HMS model was created by the US Army Corps of 
Engineers (Chu and Steinman, 2009) and is suitable for various hydrological simulations. HEC-
HMS was a hydrologic modelling that contains an integrated tool for modelling the hydrologic 
processes of dendritic watershed systems (Chu and Steinman, 2009). Moreover, it has been 
widely used in many hydrological studies due to its simplicity and capability (Halwatura and 
Najim, 2013; Jayanti et al., 2020; Sahu et al., 2023). The widespread adoption of HEC-HMS in 
hydrology is attributed to its capacity to simulate runoff in various event durations, ease of use, 
and utilization of standard methods (Oleyiblo and Li, 2010). 

The HEC-HMS model has been used to generate the flow data for the study area. The 
HEC-HMS model integrates spatial, hydrological, and meteorological data to simulate rainfall- 
runoff processes accurately (Fig. 12, page no: 24). The input parameters are the DEM, LU/LC, 
soil data, precipitation data in the region, and the outflow data. HEC-HMS model has been 
widely embraced in numerous hydrological investigations due to its capacity to replicate runoff 
occurrences in both short-term and long-term scenarios, as well as its user-friendly interface 
(Halwatura and Najim, 2013). It is specifically created to mimic the precipitation-runoff 
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mechanisms of complex watershed systems (Fleming and Scharffenberger, 2016). The HEC- 
HMS model can be employed to simulate various scenarios such as single storm events lasting 
from hours to days, or extended periods of stream flow (daily, monthly, and seasonal) (Fleming 
and Doan, 2013). The setup of the HEC-HMS model comprises four key components: basin 
model, meteorological model, control specifications, and input data (time series, paired data, 
and gridded data). There are multiple techniques available within the model to simulate 
processes like infiltration losses, direct runoff estimation, channel routing, base flow 
modelling, and meteorological modelling. The selection of the appropriate model component 
depends on factors such as data availability, modelling objectives, and global standards. For 
the present study, methods such as Soil Conservation Service Curve Number (SCS-CN), Soil 
Conservation Service Unit Hydrograph (SCS-UH), Muskingum and Gage weights methods, 
were chosen to calculate runoff volume, transform excess precipitation to surface runoff, 
manage channel routing, and simulate the overall process, respectively. 

 

Figure. 12 The schematic representation and simulation flow chart of the HEC-HMS model. 

6.3 Results and discussion 

This section provides a comprehensive assessment of the hydrological response of the 
watershed under specific input conditions like precipitation and Lake’s flow generated from 
the HEC-HMS model analysis. As deliberated in the section on methodologies, crucial 
watershed attributes such as CN, basin lag time, watershed area, basin slope, potential 
maximum retention (ܵ), and the initial abstraction from the watershed were established.
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6.3.1 Hydrologic parameters 

The spatial variation of the CN value within the study area was determined. The study 
area exhibited a range of CN values, with a minimum of 70 for urban areas and a maximum of 
95 for water bodies. However, for rainfall-runoff simulation, each sub-basin necessitates a 
singular CN value. The minimum and maximum weighted curve number values were identified 
as 88 and 95, respectively. The CN value directly influences runoff generation, sub-basins with 
lower CN values result in minimal runoff and higher infiltration rates. Conversely, sub-basins 
with higher CN values exhibit greater runoff potential. The basin slope is flat with 3 to 4% in 
the study area. The basin lag time ranges between 71.3 and 237.7 min for the study area. A 
lower basin lag time implies quicker surface runoff reaching the outlet point. 

The time series analysis of precipitation and flow can reveal critical periods during 
which the watershed experienced significant runoff, indicating the onset of flooding. 
Hydrographs, in particular, were instrumental in understanding how the watershed responds to 
precipitation events. The rising and recession limbs of the hydrograph give insight into the rate 
of flow accumulation and dissipation, helping to identify lag times and peak flow timing. These 
results are essential for flood management and mitigation planning, as they identify critical 
times when interventions may be required. 

6.3.2 HEC-HMS model results 

The primary outputs of the model include simulated hydrographs, cumulative runoff 
volumes, peak discharges, and rainfall-runoff relationships. Hydrographs generated at key 
locations, such as sub-basin outlets and river junctions, provide insights into peak discharge, 
time to peak, and baseflow contributions. These hydrographs play a major role in understanding 
the temporal dynamics of flow during the simulation period. Additionally, the cumulative 
runoff volumes and runoff coefficients were calculated to quantify the total water yield from 
the watershed and evaluated the efficiency of rainfall conversion to runoff. The simulated flow 
hydrographs for various reaches in the study area using the HEC- HMS model, incorporating 
both precipitation and Lake’s release data from Poondi and Puzhal Lakes during the Michaung 
Cyclonic event. The hydrographs show peak flow occurring on 3 Dec (midnight), followed by 
a decline and subsequent fluctuations in discharge. The variations in flow across different 
reaches suggest the influence of precipitation patterns, basin characteristics, and channel 
response to stormwater runoff. 

The flow decreases gradually but shows secondary peaks, suggesting intermittent heavy 
precipitation or delayed contributions from upstream subbasins. The varying flow patterns 
across different reaches and subbasins highlight the differences in watershed response due to 
factors such as LC, soil characteristics, drainage capacity, and the connectivity of streams. The 
higher peaks in some reaches or subbasins indicate regions with significant runoff 
accumulation, whereas lower peaks correspond to areas with reduced contributing flow. The 
results demonstrate the effectiveness of the HEC-HMS model in capturing the hydrological 
response of the watershed during extreme weather events. 

The simulated flow hydrographs for various reaches in the study area using the HEC- 
HMS model, incorporating both precipitation and Lake’s release data from Poondi and Puzhal 
Lakes during the Michaung Cyclonic event (Fig. 13, page no: 26). A sharp rise in flow is 
observed on December 3, with peak discharges exceeding 1,41,150 cusecs, indicating intense 
rainfall- induced runoff. This is followed by multiple secondary peaks on December 4 and 5, 
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likely caused by additional rainfall contributions and controlled releases from upstream Lakes. 
The gradual recession of flow after December 5 suggests a reduction in rainfall and a transition 
towards base flow conditions. This analysis is crucial for flood risk assessment and water 
resource management, as it provides a comprehensive understanding of how extreme weather 
events, combined with Lake’s operations, influence river discharge patterns. 
 

 
Figure. 13 Simulated flow hydrographs for the reaches in the study area using the HEC-HMS 
model for the Michaung Cyclonic event with precipitation and outflow data from the Poondi 
and Puzhal Lakes. 

Rainfall-runoff relationships, compared with cumulative rainfall against runoff 
for each sub-basin, helps to highlight the spatial variations in hydrological responses across the 
study area. Spatial results were integrated with GIS, to visualize the runoff distribution, 
precipitation patterns, and sub-basin contributions. These GIS integrated maps were 
particularly useful for identifying areas prone to flooding or high runoff. High-resolution 
spatial analysis, especially when linked with LULC data, further identifies the role of 
urbanization, vegetation cover, and soil types in influencing hydrological behaviour. The 
comparative analysis, such as simulated versus observed flow data or results across different 
rainfall scenarios, will further validate the model's reliability and provide insights into the 
watershed's sensitivity to varying conditions. The analysis also includes sensitivity assessments 
of input parameters to identify which factors most significantly influence the results. The 
results were typically presented through well-organized tables, figures, and maps. 

6.3.3 Flow in the streams/reaches 

The flow in the streams or reaches represents the discharge of water through different 
segments of the river network and canal system of the study area. The spatial flow distribution 
map for various Kosasthalaiyar River reaches and the Buckingham canal in the study area, 
modelled using the HEC-HMS simulations (Fig. 14-16, page no: 27-28). The spatial map shows 
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different reaches (R-1, R-2, R-3, R-4, R-7, R-8, and R-14) with their corresponding flow 
magnitudes at a specific timestamp (such as before, during and after the cyclonic event). Flow 
values are categorized into five different classes, as indicated in the legend, and are visually 
represented using different colours. The Buckingham Canal, labelled as "B," is a significant 
hydrological feature in the study area, transporting water towards Ennore creek. The spatial 
distribution of flow suggests that significant water movement is occurring through the main 
channel and its tributaries, with peak flows potentially influenced by precipitation and upstream 
Lakes releases. 

Before the cyclone the variations of flow rates in the reaches R-1, R-2, R-8 and R-14 
were higher, it is because the inter connectivity between the reaches and the Puzhal Lake (Fig. 
14, page no: 27). The discharge from the Puzhal was there continuously from the 1 Dec 
onwards. The Moderate flow was seen in reach such as R-3, while lower flow magnitudes were 
observed in other tributaries.  

 

Figure 14. The spatial map showing the flow in the reaches before the Cyclonic event. 

 During the cyclone (Fig. 15, page no: 28) where high intense rainfall and the Lakes release 
increased the water flow rate in the reaches to 70000 cusecs in the river mouth region (R-1) and 
Ennore creek. 7. The flow analysis from the HMS model revealed that the peak discharge in the 
Buckingham Canal and Kosasthalaiyar River was peaked around December 4, 2023 midnight. 
The continuous precipitation, surface runoff and flows coming from Poondi and Puzhal Lakes 
increased the water volume and depth in the river and canal, leading to the reversal and overflow 
of water from the canal to the adjoining areas (70000 cusec approx. in Kosasthalaiyar River). 
The other reaches also getting continuous flow from the catchment area due to rainfall and release 
from the Puzhal and Poondi Lakes. A similar flow pattern is observed in the Buckingham Canal 
due to the precipitation and the increased water flow from the Kosasthalaiyar River resulted in a 
reverse flow in the Canal made the flash flood in the upstream side. After the cyclone the 
reduction of rainfall intensity has reduced the discharge or flow in the reaches and the outflow 
from the Puzhal and Poondi Lakes also reduced. The changes in the flow in the reaches has 
shown in Fig. 16, after the cyclonic event. A similar reduction in flow is observed in the 
Buckingham Canal it is due to the reduction in the precipitation. These spatial flow maps of the 
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before, during, and after the cyclonic event provides the critical insights of the hydrodynamic 
response of the region, giving the flood risk assessment, water resource management, and 
mitigation planning of the study area. 

 

Figure 15. The spatial map showing the flow in the reaches during the Cyclonic event. 
 

 
Figure 16. The spatial map showing the flow in the reaches after the Cyclonic event. 
 
 
6.4   Hydrologic Engineering Center - River Analysis System 

Hydrologic Engineering Centre’s River Analysis System (HEC-RAS) is a hydraulic 
modelling software used to simulate the movement of water through natural rivers, artificial 
channels, floodplains, and other water systems (Fig. 17, page no: 30). It allows for both steady 
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and unsteady flow analysis, making it versatile for applications such as flood mapping, dam 
break analysis, sediment transport, and water quality studies. The model employs the Saint-
Venant equations, which are derived from the principles of continuity and momentum 
conservation, to simulate water surface profiles and flow dynamics. These equations enable the 
model to handle complex flow conditions, including subcritical, supercritical, and mixed flow 
regimes. 

One of the key features of HEC-RAS is its ability to integrate with high-resolution 
terrain data, such as DEMs, to create detailed geometric representations of the river and 
floodplain system. The model supports the inclusion of hydraulic structures such as bridges, 
culverts, weirs, and levees, which are critical for understanding flow behaviour and identifying 
potential bottlenecks. By utilizing Manning's equation for flow resistance, HEC-RAS estimates 
discharge and velocity while accounting for roughness coefficients that represent varying 
surface conditions, such as vegetation or urbanization. 

HEC-RAS can be run in both one-dimensional (1D) and two-dimensional (2D) modes, 
depending on the complexity of the study area and the required level of detail. The 1D approach 
is commonly used for long river reaches and steady-state analyses, while the 2D mode is ideal 
for urban flood modelling and dynamic flow conditions, where lateral flow and floodplain 
interactions are significant. The model allows 1D steady flow simulations, and 1D and 2D 
unsteady flow calculations, sediment transport/mobile bed computations, and water 
temperature/water quality modelling (Brunner & CEIWR-HEC, 2021). HEC-RAS 2D employs 
shallow water equations to describe the motion of water in terms of depth-averaged 2D velocity 
and water depth. The diffusion wave approximation approach is used for computing the flow 
field in the 2D mesh, as it leads to shorter computation time and may reduce model instability 
(Brunner, 2016). 

The model area is discretized into grid cells, and HEC-RAS generates a detailed 
hydraulic property table for each cell and cell face. The water surface profiles provided by the 
model using several hydraulic design features can help decision-makers to invest resources 
effectively to prepare for catastrophes and improve the quality of life, by analysing the extent 
of flooding and flood inundation zones. The 2D modelling capabilities were enhanced through 
the creation of computational meshes, which divide the terrain into smaller cells to capture the 
spatial distribution of water depths and velocities. 

The model outputs include water surface profiles, flow velocities, flood extents, and 
energy gradients, which are visualized in both tabular and graphical formats. These results can 
be exported to GIS platforms for further spatial analysis, enabling the creation of flood 
inundation maps and risk assessments. The ability of HEC-RAS to incorporate real-world data, 
such as rainfall records, boundary conditions (BCs), and observed flows, enhances its reliability 
and accuracy in predicting flood scenarios. This makes it an essential tool for engineers, 
hydrologists, and urban planners in designing flood control measures, evaluating the impacts 
of infrastructure projects, and mitigating the risks associated with extreme hydrological events. 
Hydraulic modelling and inundation mapping were generated using RAS Mapper, a spatial data 
integration and mapping tool in HEC-RAS. In HEC-RAS Mapper, the development of an RAS 
terrain, laying out the geometric data, extracting the terrain data, and visualization of results in 
the form of maps and tables can be inaugurated. 
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Figure. 17 The schematic representation and simulation flow chart of the HEC-RAS model. 

Depth maps were generated for the study area using HEC-RAS 2D. The inundation 
depths (m) were exported to Arc-GIS 10.1 and used to identify areas with low, medium, and 
high inundation depths, reflecting low, moderate, and high-risk, respectively. Figures 25 & 26 
shows the depth maps prepared for the 30 m DEMs. The flood inundation map represents the 
depth of water in the Kosasthalaiyar River and Buckingham Canal before the Michaung 
Cyclonic event, as simulated using the HEC-RAS model (Fig. 18, page no: 31). The map uses 
a colour gradient to depict different depth ranges, with green (0-0.1 m) indicating shallow water 
levels and red (>0.4 m) representing deeper inundation areas. The flow contributions from 
Puzhal Lake (F₁) and Poondi Lake (F₂) are also marked, showing how water is distributed 
across the region. 

Flood inundation map was generated during the Michaung Cyclonic event, with flow 
contributions from the Puzhal and Poondi Lakes, in addition to precipitation across the study 
area using the HEC-RAS model (Fig. 19, page no: 32). The entire catchment area was 
experienced continuous precipitation, and the flow from the Puzhal Lake (F₁) and Poondi Lake 
(F₂) resulting in significant increment in the flow depths and exceeding the capacity of the 
Kosasthalaiyar river and Buckingham canal. This caused overflow into the adjacent areas and 
leads to flood inundation, which causes the reverse flow in the canal. 
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Figure 18. Flood inundation map (depth) for the Kosasthalaiyar River and Buckingham Canal 
generated from the HEC-RAS model before the Michaung Cyclonic event.
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Figure 19. Flood inundation map (depth) for the Kosasthalaiyar river and Buckingham canal 
generated from the RAS model during the Michaung Cyclonic event. 
 
 
7. Soil/sediment sample analysis 

Soil/sediment samples were collected from various locations along the Buckingham 
Canal to analyze Total Petroleum Hydrocarbon (TPH) contamination. The sampling sites were 
chosen based on proximity to potential pollution sources, such as industrial discharge points, 
urban runoff zones, and areas influenced by tidal exchange. A core cutting sampler is a 
specialized tool used for collecting undisturbed sediment samples from aquatic environments 
such as rivers, Lakes, and canals. This method is ideal for studying sediment composition, 
pollution levels, and stratification over time. The core cutting sampler equipment has a 
cylindrical coring device made of stainless steel or polyvinyl chloride pipe along with this an 
extension rod was used for compacted sediment samples. The handheld global positioning 
system (GPS) was used to record the location of the sampling points. The gloves and sample 
containers were used for collecting the samples and for contamination-free handling. 

The coastal environments receive a huge amount of sewage and industrial waste 
through rivers and estuaries specially in developing countries (Adeniji et al., 2017; Arumugam 
et al., 2013). Petroleum hydrocarbons often contaminate coastal environment through waste 
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discharge from petrochemical industries, harbour’s, marine traffics and oil spillage (Das and 
Chandran, 2011). Petroleum hydrocarbons are complex mixtures of aliphatic and aromatic 
compounds and are major constituents in a variety of commercial products such as gasoline, 
crude oil, lubricating oils, fuel oils, mineral oils, solvents and mineral spirits. It degrades at a 
very slow rate and forms one of the pollutants of potential concern in the marine environment 
(Das and Chandran, 2011; Kostka et al., 2020). 

The TPH gets released into the environment through domestic and industrial 
wastewaters, ship accidents, spills or leaks and other petroleum by- products get emitted from 
commercial or domestic uses (Mohebbi-Nozar et al., 2015; Yuan et al., 2014). The marine 
environment, particularly the coastal and estuarine regions are ecologically sensitive areas with 
diverse morphology and unique hydrodynamic conditions. The near shore areas are subjected 
to excessive contaminations not only by the anthropogenic inputs but also by the sea-based 
activities (transportation, oil exploration and production etc.). Shipping has a significant 
contribution of TPH by transporting these compounds in the marine environment (Massoud et 
al., 1996). TPH content in the sediment samples varied from 2.33 to 30.07 µg g−1 (dry weight) 
(2.33 to 30.07 mg / Kg) . The level of TPHs was highest in the sediment at Ennore creek as the 
location used frequently for movement of fishing boats and excessive shipping activities in 
Chennai harbour. Further, oil spill occurred due to the oil tanker ship accident at Ennore port 
(near Chennai harbour) in January 2017 which released more than 100 Tons of heavy fuel oil 
(Sivagami et al., 2019). 

7.1 Location map 
 

Figure 20. Field sample location map 

In addition to the above, the TPH estimates from the ground based discrete sediment samples 
are highly biased and deviate from the satellite based spatial TPH estimates. Extrapolation of 
such TPH values from discrete samples would lead to erroneous results. This is because oil 
typically floats on water due to its lower density, and when an oil spill occurs, the oil tends to 
remain on the water surface rather than getting settled to the channel bed. Oil fraction found in
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channel bed sediment samples could come from the settling of suspended sediment grain and 
bio-genic particles with the adsorbed oil compound and require longer period for settling. 

 
7.2 Sample collection 

 Soil samples were collected from seven locations from Buckingham Canal and Ennore 
Creek. 

 Out of the seven samples, four were collected from the bed of Buckingham Canal, one 
from the land, one from the convergence of the Kosasthalaiyar River and Buckingham 
Canal (near Ennore railway bridge), and one near Ennore Creek. 

 The samples were collected from locations affected by the oil spill (S4-S7) and from 
unaffected areas (S1-S3) for comparison. 

 Soil samples were collected using a core cutting instrument, adhering to the IS standard 
procedures to maintain the consistency and texture of the samples. 

 At each location, two samples were taken: one from the topsoil layer and another from 
the bottom layer (approximately 1 foot below the surface). Station names were labelled 
on each sample to prevent mixing and ensure traceability. 

 A total of 500 grams of soil was collected at each location for analysis in the laboratory. 
 The sampler was carefully extracted to maintain the stratification of sediment layers. 
 The excess water was allowed to drain naturally. 

7.3 Sample preparation 

Before Gas Chromatography (GC) analysis, the sediment samples underwent several 
preparation steps to extract and purify petroleum hydrocarbons. Samples were air-dried at room 
temperature to remove excess moisture. Large debris and organic material were removed, and 
the samples were homogenized using a mortar and pestle or a mechanical grinder. A widely 
used technique where approximately 10–20 g of dried sediment was extracted using a mixture 
of ݊ − ℎ݁݁݊ܽݔ and dichloromethane (1:1 ratio) over 24 hours. The extract was passed through 
a silica gel/alumina column to separate hydrocarbons from interfering compounds (e.g., natural 
organic matter). The purified extract was concentrated using a rotary evaporator before gas 
chromatography analysis. 

7.4 Sample analysis 

The samples were analysed for TPH using Gas Chromatography (GC), and the testing 
method employed was TX 1005. GC is the preferred analytical technique for detecting and 
quantifying petroleum hydrocarbons in environmental samples. A Gas Chromatograph (GC) 
equipped with a Flame Ionization Detector (FID) or Mass Spectrometry (GC-MS) was used for 
analysis. A non-polar capillary column (e.g., 5% phenyl-methyl polysiloxane) was selected for 
hydrocarbon separation. Carrier gas (e.g., helium or nitrogen) was used to transport the sample 
through the column. A 1–2 µL aliquot of the purified extract was injected into the GC system. 
The initial temperature was kept at 50°C for 2 minutes after that slowly increasing the 
temperature up to 300°C with 5 to 10°C interval for every minute. After reaching the 
temperature 300°C, the sample kept for 10 to 20 minutes for complete separation of 
hydrocarbons. The FID detected hydrocarbons based on ionization of organic molecules, while 
GC-MS provided compound identification using mass spectral data. 
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A series of known hydrocarbon mixtures (e.g., diesel, crude oil) were analysed to 
establish a calibration curve. Hydrocarbons in the sediment samples were identified by 
comparing their retention times to standard compounds. Summed peak areas of different 
hydrocarbon fractions provided the TPH concentration in mg/Kg of sediment. High TPH levels 
can degrade sediment quality, harm aquatic life, and disrupt microbial communities. The 
sediment sampling and GC-based TPH analysis provided critical insights into hydrocarbon 
pollution in the Buckingham Canal. These findings can inform pollution control strategies and 
environmental restoration efforts in the region. 

Table 4. The TPH concentration measured by the GC for the soil/sediment samples collected 
in the Buckingham Canal. 
 

Id Latitude Longitude Parameters Testing 
method 

Results 
(mg/Kg) 

S1 
Top 

13.093467° 80.274209°  
 
 
 
 

 
TPH 

 
 
 
 
 

 
TX 1005 

1.10 
Bottom 1.25 

S2 
Top 

13.119465° 80.272164° 
1.20 

Bottom 1.35 

S3 Top 13.007093° 80.247955° 4.96 
Bottom 5.45 

S4 
Top 

13.175972° 80.288402° 
BDL 

Bottom 10.7 

S5 Top 13.184159° 80.296933° 8.95 
Bottom 16.8 

S6 
Top 

13.202889° 80.308780° 
5.46 

Bottom 4.65 

S7 
Top 

13.230960° 80.324630° 
4.91 

Bottom 29.62 
 
The persistent presence of TPH in the channel bed sediments is likely due to the continuous 
discharge of urban runoff, municipal waste, oil releases from fishing boats and 
commercial/industrial discharges into the Buckingham Canal and Ennore creek. 
 
7.5 Results and Discussion 

 The sediment samples taken from the bed and 1 foot below in the upstream not affected 
by oil spill and downstream areas. 

 The soil samples (S1 to S3) collected from the unaffected areas i.e. upstream of Manali 
Industrial area due to oil spill showed the TPH concentrations ranging from 1-5 mg/Kg. 

 The presence of this TPH concentration in the unaffected areas is likely due to the 
continuous discharge of urban runoff, municipal waste, and commercial/industrial 
discharges into the Buckingham Canal. 

 The samples labelled S4 (land), S5, and S6 exhibited TPH concentrations, even one 
year after the oil spill event. The persistent presence of TPH in the soil is likely due to 
the continuous discharge of urban runoff, residential and industrial wastewater into 
Buckingham Canal. 
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 The bottom-layer sample from S7 showed the highest TPH concentration, likely caused 
by oil releases from fishing boats parked near Ennore Creek. 

 Sediment soil samples collected from the bed of the Buckingham canal and land area 
showed the TPH values are in the range of 1-30 mg/Kg vicinity of CPCL and B-canal. 

 The bed samples always have some TPH fraction its due to the accumulation of 
hydrocarbons in the bed fraction due to the percolation/infiltration of industrial, 
commercial, municipal waste disposal, and surface/urban runoff. 

 The upstream samples showed that the TPH values which can be considered as pre- 
existing TPH content due to urban runoff, municipal waste, and commercial discharges. 

 The downstream samples showed the values in the range of 4-30 mg/Kg which indicates 
thousand times less by the report downloaded from NGT on oil spill case. This is in line 
with similar study carried out by Barath kumar et al., 2023 & NCCR. 

 The possibility of the TPH fraction in the bed samples between the B-canal basin areas 
and between the rivers (wetlands/mangrove's areas) it is due to the particle settling 
velocity low and residual time of water higher and it makes the adjacent areas soil 
saturated with water. 

 To further verify the oil concentration (quantity) in the soil matrix collected the soil 
samples from the land area nearby the vicinity of Manali industrial area. 

 The samples collected in the land surface area has low values due to the surface runoff 
and the 1 foot below samples showed that 5 mg/Kg. 
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Figure 21. Field sample collection photographs. 

 

 

 

 

 

 

 

 

 

262



39  

8. Conclusion 
 

1. The image acquired on 19th November 2023, prior to the oil spill, was analysed to 
establish baseline conditions of the study area. This pre-spill image (Refer page no: 13), 
showed no traces of oil contamination, with natural features such as water bodies and 
surrounding vegetation appearing in their typical spectral characteristics. 
 

2. Satellite observations on 7th Dec, 2023 image revealed the oil spill quantity from Manali 
industrial area to Ennore creek including the residential / adjacent area is 20.53 M3 
(16.4 T). (Refer page no: 15). The oil volume was calculated by multiplying the oil 
thickness in each pixel by the pixel’s coverage area. The combination of oil 
fraction, thickness, and volume maps offers a comprehensive understanding of the 
spill’s magnitude and distribution, enabling informed decision-making for 
mitigation and remediation efforts. 

 
3. The 26th Dec, 2023 post-mitigation image was examined to evaluate the effectiveness 

of the clean-up operations. The oil volume image (Refer page no: 16) showed no visible 
traces of oil, suggesting successful removal. 
 

4. Oil typically floats on water due to its lower density, and when an oil spill occurs, the 
oil tends to remain on the water surface rather than settling down to the channel bed 
and requires longer period for settling. 

 
5. The TPH estimates from the ground based discrete sediment samples are highly biased. 

Extrapolation of such TPH values from discrete samples to arrive oil quantity for the 
entire area would lead to erroneous results. 
 

6. Present sediment analysis at upstream of Manali Industrial area reveals TPH 
concentration in the range of 1-5 mg/Kg and downstream is 1 to 30 mg/Kg (Refer page 
no: 35 and 36). This is in line with similar study submitted by Barath kumar et al., in 
Aug 2023 & NCCR (Annexure). 
 

7. The persistent presence of TPH in the channel bed sediments is likely due to the 
continuous discharge of urban runoff, municipal waste, oil releases from fishing boats 
and commercial/industrial discharges into the Buckingham Canal and Ennore creek. 
 

8. No visible oil traces were observed on the water surface during the field survey. 
 

9. The flood inundation map was generated during the cyclonic rainfall event, with flow 
contributions from the Puzhal and Poondi Lakes, in addition to precipitation across the 
region.  

 The entire catchment area experienced continuous precipitation and 
runoff flows, resulting in flow depths significantly exceeding the capacity 
of the Kosasthalaiyar river. 
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 This caused the overflow of the water from the canal to the adjoining 
areas and led to the reverse flow of water in the canal segments during 
high tide. 

 
 The continuous precipitation, surface runoff and flows coming from 

Poondi and Puzhal Lakes increased the water volume and depth in the 
river and canal, leading to the reversal and overflow of water from the 
canal to the adjoining areas (70000 cusec approx. in K-river). 
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Abstract The spatial distribution of total petro-
leum hydrocarbons (TPH) were analysed in the 
seawater and sediment samples collected from 27 
locations along the Southeast coast of India. A first-
time assessment was carried out on the distribution 
of TPH in both water and sediments for the entire 
coastline of Tamil Nadu. The concentration of TPH 
in seawater showed large spatial variation ranging 
from below detection level (BDL) to 47.5! μg/L and 
0.01 to 53.12!μg/L in the surface and bottom waters, 
respectively. TPH levels exceeded the regulatory lim-
its specified by FAO, China’s Marine Monitoring  
Standards and the European Community in the sea-
water samples of Thoothukudi harbour (S2 station). 
The results showed that seawaters of southern stations 
were comparatively more polluted with TPH. TPH 
values in sediment were between 2.33 and 30.07!μg/g, 
and their levels remained below the Marine Sedi-
ment Quality Standard (500! μg/g). The spatial pro-
file of TPH in sediments were contrasting to that 
observed for seawater. Higher TPH values were 
observed in sediments of the northern region than 
southern. TPH contents are strongly correlated with  
clay (R2 = 0.776; P < 0.001) and silt (R2 = 0.648; 
P < 0.001); conversely, there is a significant negative 

correlation between TPH and sand (R2 = 0.753; 
P < 0.001). ANOVA analysis demonstrated a signifi-
cant difference (F = 11.75; p < 0.01) between the TPH 
concentrations of water and sediments. Non-metric 
multidimensional scaling (nMDS) was performed 
to determine the similarity among sampling stations 
that formed five crusted groups. Sediment along the 
southeast coast can be categorised as slightly polluted 
with respect to TPH as per the ATSDR standards.

Keywords Tamil Nadu coast!· Coastal water!· Total 
petroleum hydrocarbons!· Anthropogenic

Introduction

The coastal environments receive a huge amount of 
sewage and industrial waste through rivers and estuar-
ies specially in developing countries (Adeniji et! al., 
2017; Muthukumar et! al., 2013). Petroleum hydrocar-
bons often contaminate coastal environment through 
waste discharge from petrochemical industries, har-
bours, marine traffics and oil spillage (Das & Chandran, 
2011). Petroleum hydrocarbons are complex mixtures 
of aliphatic and aromatic compounds and are major 
constituents in a variety of commercial products such 
as gasoline, crude oil, lubricating oils, fuel oils, mineral 
oils, solvents and mineral spirits. It degrades at a very 
slow rate and forms one of the pollutants of potential 
concern in the marine environment (Das & Chandran, 
2011; Kostka et!al., 2020). Total petroleum hydrocarbon 
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is highly toxic with mutagenic and carcinogenic proper-
ties (de Mora et!al., 2010; Hallier-Soulier et!al., 1996; 
Masakorala et! al., 2013; Nicolaus et! al., 2017). Previ-
ous studies have reported that petroleum hydrocarbons 
can be toxic to larvae in the sea even at very low levels  
(0.1!ppm) (Mazhar et!al., 1987; USEPA, 1986). In some 
cases, death and genetic mutations in marine mammals, 
shellfish, fish, reptiles and birds occured due to the tox-
icity of! petroleum hydrocarbons (Ansari et! al., 2012; 
Kennish, 1997; Mazhar et!al., 1987). Therefore, periodic 
assessment of TPH in the coastal water and sediment is 
essential to ensure the safety of the coastal ecosystem. 
Once petroleum hydrocarbon enters into the coastal water, 
they gradually settle down to the sediments by getting 
deposited as layer (0–20!cm) in the bottom sediment (Al-
Imarah et!al., 2006). The lower molecular weight fraction 
of petroleum hydrocarbons generally gets removed by 
evaporation, while the heavier components get dispersed 
in the water layer. Their accumulation in sediments gets 
subsequently transferred to biota affecting the benthic 
organisms, bottom feeders and pose risks to human health 
through trophic transfer (Chouksey et!al., 2004; Hentati 
et!al., 2013). The total petroleum hydrocarbon load to the 
ocean was estimated to be 2.37 ×  106 tonnes.y−1 (Kennish,  
1997) from different human activity-based sources such 
as coastal refineries, urban runoff, tanker accidents, 
operational discharges (oil transportation and shipping 
sources), air-borne fallout, natural seep and offshore 
production discharges (GESAMP, 1993). The National 
Response Centre has recorded the petroleum discharge 
to the marine environment to be 1.3 million tonnes/year 
from the identifiable sources (National Response Centre, 
2003). The Bay of Bengal coast is highly vulnerable for 
oil pollution. The major cause being large are oil tankers 
that are transporting fuel mainly through the southern Bay 
of Bengal (Sen Gupta et!al., 1993; Sharma, 2009).

In the present study, we assessed the spatial pro-
file of TPH covering the south east coast of India  
(~ 876! km long) of the Indian Peninsula. The Envi-
ronmental Information System Centre has reported 
that Tamil Nadu has about 12,000 industries, and out 
of these, 5500 industries are situated in and around  
the coastal areas (Ramesh et! al., 2008). Coastal activi-
ties such as industrial oil discharge, oil exploration, 
oil refining, ports and harbour, fishing, tourism and 
recreational activities are responsible for the hydro-
carbon pollution along this coast (Ramesh et! al.,  
2008). Previous studies have assessed the TPH pollu-
tion in sediment and water at some selected locations 

(Gurumoorthi & Venkatachalapathy, 2017; Natarajan 
et! al., 2006; Selvaraj et! al., 1999; Topgi et! al., 1982; 
Veerasingam et! al., 2010; Venkatachalapathy et! al., 
2010a, b). However, there is no study available yet on 
the distribution of TPH in both water and sediments 
for the entire coastline of Tamil Nadu, even though 
various industrial settlements like factories, oil refiner-
ies, ports and fishing harbours along the Tamil Nadu 
coast are increasing in number. Therefore, it becomes 
imperative to assess the distribution of total petro-
leum hydrocarbon in the Tamil Nadu Coast. The 
main objectives of this study were to assess the dis-
tribution of total petroleum hydrocarbon (TPH) in  
both seawater and sediments of the Tamil Nadu coast, 
as well as to determine the content of sand, silt, and 
clay for sediment characterization. The results of this 
study could serve as comprehensive baseline informa-
tion on TPH pollution for planning and management  
to ensure the safety of the coastal ecosystem.

Material and methods

Study area

The Indian coast is divided into two categories, 
namely, coasts on the western India and coasts of 
the eastern India. The southern part of the eastern 
coast of India forms the southeast coast of India, 
which mostly comprises the coast of Tamil Nadu 
and Pondicherry states (Ingole, 2005). The Tamil 
Nadu coastline, situated on the southeast coast of the 
Indian Peninsula, is a length of 1076! km, establish-
ing it as India’s second-longest coastline. Prominent 
ports like Ennore, Chennai, Thoothukudi, and Naga-
pattinam are strategically situated along this coastal 
stretch. Within Tamil Nadu, there exists a substantial 
industrial presence around 12,000 industries. Among 
these, approximately 5500 industries are strategically 
located in and around the coastal regions. Notably, 
about 1500 industries are situated along the Chen-
nai coast (Ramesh et!al., 2008). The primary coastal 
activities contributing to marine pollution along the 
Tamil Nadu coast involve the release and disposal of 
both treated (at a rate of 1.8 million litres per day) and 
untreated sewage, as well as industrial waste. In addi-
tion, heated water discharge from power plants cool-
ing systems, oil spillage, chemical spillage and activi-
ties such as oil exploration, oil refining, fishing using  
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mechanized vessels, painting of fishing vessels, drain-
ing of waste oil, scrapping of fishing vessels, dump-
ing of wastes and trash fishes, dredging, dumping of 
ship wastes, cargo handling, recreation, and tourism 
activities and salt production are equally responsible 
for coastal pollution in Tamil Nadu (Ramesh et! al., 
2008). Additionally, Tamil Nadu presently accounts 
for 15% of India’s overall marine catches. There are 
thirteen significant landing centres for mechanized 
boats distributed along the extensive 1000!km coast-
line, accommodating a total of 6012 vessels (Bavinck 
et!al., 2008; Bhathal,!2005). These fishing activities 
might also lead to petroleum hydrocarbon pollution.

An important feature of the Tamil Nadu coast is the 
presence of 796! km long Buckingham Canal (part of  
the National Waterway 4 (NW-4), which originates in 
the Godavari district of Andhra Pradesh and runs paral-
lel to the coastline up to Villupuram District of Tamil 
Nadu. In this segment, of the coastal region, the canal 
opens into the coastal waters at various locations such  
as Ennore Creek, Cooum river estuary (Chennai), Adyar  
river estuary (Chennai), Muttukadu Backwaters, Edai-
yur Backwaters, Sadras Backwaters, Palar River estu-
ary, Marakanam and Pondicherry. The canal receives 
untreated sewage and industrial discharge from Chennai 
and the nearby industrial establishments.

Sample collections and analysis

Surface and bottom seawater and surface sediment 
samples were collected from 27 ecologically distinct 
locations along the Tamil Nadu coast (Fig.!1). Sam-
ples were collected on-board Coastal Research Ves-
sel Sagar Purvi equipped with all essential equip-
ment. Pre-cleaned (using n-hexane) and oven-dried 
(50!°C) amber glass bottles were rinsed with ambient 
seawater before collecting the water samples. Seawa-
ter samples from the surface (< 0.5! m) and bottom 
were collected using a Niskin’s water sampler. Phys-
icochemical parameters such as pH, temperature and 
dissolved oxygen (DO) were measured onboard. Sus-
pended particulate matter (SPM) was calculated as 
the difference between the initial and final weight of 
the filter paper after drying at 105!°C overnight. One 
litre water sample was collected from each location 
and stored at 4!°C until further analysis. Total petro-
leum hydrocarbon content in the water was extracted 
in triplicates with n-hexane by following the standard 
method (IOC-UNESCO, 1984). The organic phase 

containing the analytes was separated, dried with 
anhydrous  Na2SO4 and concentrated using a rotary 
evaporator. The extracts were analysed using a UV- 
fluorescence spectrometer (Hitachi, F-2700).

Sediment samples were collected using Van Veen 
Grab and stored at 4!°C until further analysis. Sam-
ples were air-dried and gently ground by mortar and 
pestle. Total petroleum hydrocarbon in the sediment 
was extracted using n-hexane by sonicating the mix-
ture in an ultrasonic bath for 2! h (IOC-UNESCO, 
1982; Tam et! al., 2005). The supernatant hexane 
extract was filtered with 0.45-μm filter paper and 
cleaned with anhydrous  Na2SO4. Total petroleum 
hydrocarbon content in the concentrated extract was 
measured by UV fluorescence spectrometer. The total 
petroleum hydrocarbon contents were quantified as 
chrysene equivalent based on the emission at 360!nm 
monitored at 310! nm excitation (MOOPAM, 2005). 
All samples were analysed for TPH in triplicates, and 
average values are reported. Samples were spiked 
with the Chrysene standard to evaluate the percentage 
recovery of the analytical method. Percentage recov-
eries for spiked samples were 92–102%, with a preci-
sion of 95%. The method detection limit of TPH as 
chrysene equivalent was 0.01! µg/L and 0.1! µg/g for 
seawater and sediment, respectively.

Sediment characteristics

About 100!g each of sediment samples were desali-
nated by washing repeatedly with distilled water, 
treated with hydrogen peroxide  (H2O2) to remove 
organic matter and dried at 50–60!°C. Dried sediment 
samples were sieved by a mechanical sieve shaker 
and used for sediment characterization (Buchanan, 
1984; Ingram, 1970). Sediment fractions (< 62! µm) 
were analysed using a Malvern particle size analyser 
(Mastersizer—2000G) to quantify the distribution of 
silt and clay (Ramaswamy & Rao, 2006).

Statistical analysis

Statistical analysis was carried out by using SPSS 
22 software. One-way ANOVA approach is chosen 
to gain a deeper understanding of the nuanced vari-
ations existing between two different environmental 
media. In the present study, one-way ANOVA has 
been used to analyse the TPH in water (surface and 
bottom) and sediment data to assess the nature of 
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the significant differences between the two environ-
mental media. Non-metric multidimensional scaling 
(nMDS) was performed using PRIMER 6.1 software 
to determine the similarity among stations. To under-
stand the resemblance of spatial distribution of TPH 
concentrations in the studied coast, non-metric multi-
dimensional scaling (nMDS) analysis was performed. 
nMDS is a rank-based indirect gradient analysis 
approach in which the actual distance is substituted 
with ranks to elucidate the spatial interrelationship 
among a set of data.

Result and discussion

Seawater characteristics

The observed values for physicochemical parameters 
were within the expected range for the seawater in the 
present study area (Fig.! 2a–e). The highest seawater 
temperature was recorded at S12 (surface water) and 
lowest was recorded for S27 bottom waters (Fig.! 2a). 
Salinity values (29.88 to 35.78 PSU) were always 
observed to be higher for surface seawater than bottom  
water (Fig.!2b). Due to the influence of freshwater dis-
charge from Vaigai River at S6, S7 and S8 and from  
Muttukadu backwater at S26, salinity values at these 
stations were observed to be comparatively lower. 
The hydrogen ion concentration, i.e. pH values varied 
between 7.40 (lowest for S26) and 8.17 (S18 bottom 
water) (Fig.! 2c). The lowest pH observed at S26 sta-
tion could be due to the freshwater input from Mut-
tukadu backwaters. The findings of the current study 
corroborated with previous observations in the Muttu-
kadu coastal region, where salinity and pH values were 
reported to be consistent (pH!7.40; salinity 31.36!psu) 
due to the influence of freshwater input (Barath Kumar 
et!al., 2018). DO values varied from 3.60 to 6.82!mg/l 

in surface waters and for bottom water samples it  
varied from 2.80 to 6.81! mg/l (Fig.! 2d). DO levels  
in seawater at S27 stations (2.80! mg/L at bottom and 
3.60! mg/L at surface) were less than the minimum  
of 4! mg/L  O2 concentration essential for the survival 
of aquatic organism. According to China’s Seawater  
Quality Standard (GB3097-1997), the DO values of 
seawater along the coast complied with the clean (cat-
egory I) to slightly polluted (category III) category.  
The seawater at S27 was found to be the most deficient 
in DO and belonged to the medium polluted (category  
IV) to highly polluted (category V) category of seawa-
ter. S27 station is located close to the Adyar river estu-
ary, which collects a large volume of untreated sewage 
from Chennai (Jayaprakash et!al., 2012; Silambarasan 
et! al., 2012). As a result, the breakdown of organic 
waste released into coastal waters at this location might 
have caused the depletion of DO. A previous study by 
Barath Kumar et! al. (2018) also recorded below the 
minimum of 4!mg/L  O2 (2.80!mg/L) at Pattinapakkam 
which is located near the Adyar river estuary. Accord-
ing to a study conducted by Mishra et!al. (2015), it was 
revealed that the mouths of the Cooum and Adyar riv-
ers consistently showed the lowest dissolved oxygen 
levels (0 to 12.37! mg/l). They have recorded hypoxia 
(< 4! mg/l) at mouth regions during low tide through-
out the year. Furthermore, recent research by Begum 
et! al. (2021) has reported even more extreme condi-
tions, with occurrences of anoxia (complete absence 
of DO) near the Adyar river. It is evidence that S27 is 
polluted with organic waste from the Chennai megac-
ity through the Adyar and Cooum river estuary. The 
resulting low DO levels pose significant threats to 
aquatic life, emphasizing the need for immediate envi-
ronmental intervention and measures to manage sew-
age and organic waste disposal to restore the health of 
the coastal ecosystem. SPM levels exhibited significant 
variation along the coast, in surface water, SPM ranged 
from 0.014 to 38!mg/l, whereas it varied between 0.018 
and 31!mg/l in the bottom water. SPM concentrations 
were found to be very low in the water of the northern  
region of coast (S26 and S27) (Fig.!2e).

Spatial distribution of TPH in surface and bottom seawater

Total petroleum hydrocarbon concentration in the 
seawater (surface and bottom) and sediment is pre-
sented in Fig.!3a–d. The concentrations in the surface 
and bottom waters ranged between BDL–47.5! μg/L 

Fig. 1  Sampling stations along Tamil Nadu coast. S1, 
Thoothukudi harbour; S2, Thoothukudi harbour-2; S3, Vaippar 
river mouth; S4, Mookaiyur fishing harbour; S5, Valinokkam; 
S6, Mandapam; S7, Vaigai River mouth; S8, Thiruppalaikudi; 
S9, Thondi; S10, Kottaipattinam fishing port; S11, Kattumavadi 
harbour; S12, Mallipattinam; S13, Kodiyakarai-1; S14, Kodiya-
karai-2; S15, Kodiyakarai-3; S16, Vedaranyam canal; S17, Naga-
pattinam; S18, Tharangambadi; S19, Kollidam River mouth; 
S20, Parangipettai; S21, Cuddalore; S22, Pondicherry; S23, Mar-
akkanam; S24, Near Palar River Mouth; S25, Kalpakkam; S26, 
Muttukadu; S27, Chennai harbour

◂
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and 0.01–53.12! μg/L, respectively. The total petro-
leum hydrocarbon content was observed to be often 
high in the bottom water compared to the surface 
water. Higher concentrations of TPH were recorded 
for the water samples collected towards the south 
end (Thoothukudi) and north end (Chennai) stations, 
whereas the central coast seems to be unpolluted 
with respect to TPH (Fig.!3b). The presence of many 
industries, harbour and intense urban developments 
in the north and south coast of Tamil Nadu might be 
responsible for the elevated TPH in the nearby coast. 
Such kind of anthropogenic influence is relatively less 
in the central coast of Tamil Nadu. The spatial distri-
bution patterns of TPH indicated that they are mostly 
from marine-based sources such as harbour activities, 
ship movements, oil transport, industrial effluents 
discharge, fishing and ferry activities since acciden-
tal oil spills or natural seepages were not reported 
recently in the southern region of Tamil Nadu. The 

concentration of TPH observed in the seawater sam-
ples from the southern region were higher. Simi-
lar high TPH levels were observed in the sediments 
towards the north. The present and previous studies 
have shown that southern region of Tamil Nadu coast 
(Gulf of Mannar coast) is sandy with abundant cal-
careous debris (Jonathan et!al., 2004; Karikalan et!al., 
2020; Kumar et! al., 2013). The northern regions 
were characterised by mud with the dominance of 
organic matter from the river. Sandy sediments have 
lesser efficiency to absorb TPH from the water com-
pared to muddy sediments because the clay, colloidal 
materials and organic matter in the mud are generally 
surface-active (Gorleku et! al., 2014; Gurumoorthi 
& Venkatachalapathy, 2017; Massoud et! al., 1996; 
Trapido, 1999). The waves play an important role in 
vertical mixing and sediment transport. The correla-
tion of textural distribution with TPHs content in the 
surface sediments along the coast suggested that they 

Fig. 2  a–e Physicochemical parameters of the coastal waters of Tamil Nadu, a temperature, b salinity, c pH, d dissolved oxygen 
(DO) and e suspended particulate matter (SPM)
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were mainly controlled by waves and longshore cur-
rents (Kaliraj et! al., 2014). High TPH concentration 
in seawater at S1, S2 and S4 stations in the Gulf of 
Mannar (GoM) may be attributed to the release of 

TPH from sediments to the water column by turbu-
lence and mixing because the swells and waves are 
high in the GoM during the month of January to April 
(Gowthaman et!al., 2013).

Fig. 3  Spatial distribution of total petroleum hydrocarbons (a 
values and b stations) with environmental quality standards in 
water (FAO: Food and Agriculture Organisation permissible 
limit is 2.5!µg/L) and sediments (c values and d stations) along 

Tamil Nadu coast showing the comparison of TPH concentra-
tion with ATSDR standards (ASTDR: Agency for Toxic Sub-
stances and Disease Registry; unpolluted if TPH is <!10!μg/g 
and polluted if exceeds 10!μg/g)
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Textural characteristics and distribution of TPH  
in sediment

The textural characteristics of sediment such as 
sand, silt and clay contents significantly influenced 
the distribution of TPH and control their partition-
ing in water and sediment (Szava-Kovats, 2008). 
The textural characteristics of the collected sedi-
ment samples are presented in Fig.!4a. The percent-
age of the sand fractions at the Tamil Nadu coast 
varied from 42.60 to 99.80% with a mean value of 
76.84%. The highest values of sand were recorded 
at S1, while a lower value of sand was found at 
S13. The sand particles were dominant in south-
ern regions compared to the Northern regions of 
the Tamil Nadu coast due to the northeast monsoon 
current. The dominance of sand fractions observed 
at stations S1–S5 located adjacent to Thoothukudi 

harbour might be due to the establishment of a 
spit and the construction of a jetty for the port of 
Thoothukudi to protect the region from the action 
of currents. The increased sand content indicated 
the transport of the finer sediments by the currents 
from the abrasion zone once it reach the coastal 
zone (Jonathan et! al., 2004; Szefer & Skwarzec, 
1988). The percentage of silt and clay fraction was 
found to vary from 0.10 to 50.67% with the mean 
value of 18.05% (higher percentage at S13; lower at 
S1&S3) and 0.10 to 15.98% with the mean value of 
5.11% (higher percentage at S12 and lower at S1) 
respectively. Both silt and clay were more domi-
nant in the northern part of the Tamil Nadu coast 
due to the input of mud and organic matter from 
rivers such as Palar River, Cooum, Adyar river and 
Muttukadu backwater (Venkatachalapathy, et! al., 
2010a, b). Previous studies have also reported  

Fig. 4  Correlation analysis for the total petroleum hydrocarbons 
and components of the sediment texture along the Tamil Nadu 
coastal sediments. a Percentage distributions of clay, silt, and 

sand; b and c positive correlation between clay (b), silt (c) and 
TPH concentration of sediments of Tamil Nadu coast. d Negative 
correlation between sand and TPH concentrations of sediments
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that sediments of Chennai harbour, Cooum and 
Adayar contain high percentages of mud and silt 
(Venkatachalapathy et!al., 2010a, b).

Total petroleum hydrocarbon content in the sedi-
ment samples varied from 2.33 to 30.07! μg/g (dry 
weight) (Fig.! 3c, d). The level of TPHs was high-
est in the sediment at S27 as the location used fre-
quently for movement of fishing boats and excessive 
shipping activities in Chennai harbour. Discharges of 
petroleum refinery industries and land-based waste-
water are also common in this station. Further, oil 
spill occurred due to the oil tanker ship accident at 
Ennore port (near Chennai harbour) in January 2017 
which released more than 100 tonnes of heavy fuel oil 
(Sivagami et! al., 2019). Other stations such as S10, 
S11 and S15 which are located near fishing harbours 
also showed a high level of TPH in the sediments 
(Fig.!3d). The high level of TPH in the fishing areas 
need to be assessed regularly to ensure the safety of 
habitat and human health risk due to the consumption 
of edible organism in the catchment (Li et!al., 2010).

Statistical analysis

A strong positive correlation was found between 
TPH and sediment fractions such as clay (R2 = 0.776; 
P < 0.001) (Fig.! 4b) and silt (R2 = 0.648; P < 0.001) 
(Fig.! 4c). Sand fractions showed a strong negative 
correlation (R2 = 0.753; P < 0.001) (Fig.!4d). The cor-
relation results indicated that TPH was strongly bound 
with muddy sediments, whereas sand particles are 
poor in organic content and have less potential to retain 
hydrocarbons (Barath Kumar et! al., 2017; Gorleku 
et!al., 2014; Trapido, 1999; Veerasingam et!al., 2015).

The results of the non-metric multidimensional 
scaling (nMDS) analysis demonstrated that the 27 
studied stations clustered into five groups and lied 
within the Euclidean distance of 1.55 (excluding 
S2). Total petroleum hydrocarbon concentrations in 
sediment and water showed opposite trend in all five 
clustered groups (Fig.! 5a–c). Group 1 (S1 and S5) 
was with high TPH levels in seawater, and group 2 
to 5 were with high TPH content in the sediment. 
The group 5 stations were having the highest sedi-
ment TPH values ranging from 25.00 to 30.07! μg/g 
which could be attributed to the fishing boat and 
harbour activities. One-way ANOVA indicated a sig-
nificant difference (F = 11.75; p < 0.01) in TPH con-
centrations of water and sediments with insignificant 

correlation between surface seawater, R2 = 0.017, and 
bottom seawater, R2 = 0.015. However, the chances of 
TPH in sediment being released again into the water 
column may cause secondary pollution (Zhao et!al., 
2015). The concentrations of TPH in surface water 
were strongly correlated (R2 = 0.997) with TPH con-
centration in the bottom water due to the mixing.

Compliance with guideline limits

As per environmental quality standards, TPH in 
water samples except at station S2 (bottom water) 
were below the Grade II quality standard of 50!μg/L 
and can be regarded as clean water Class I (CSBTS, 
1997). However, maximum TPH (S2, 53.12! μg/L) 
was five times higher than the European Commu-
nity regulations limit of 10! μg/L (San Sebastián 
et!al., 2001). The seawater in the southern region was 
more polluted with TPH and might pose risk to liv-
ing organisms in the seawater. Comparison of TPH 
(μg/L) levels in the seawater of studied locations 
(Table!1) indicates that the observed values of TPH 
in this study are lower than previously reported val-
ues for the Tamil Nadu coast (Natarajan et!al., 2006). 
Total petroleum hydrocarbon values reported in the 
seawater of several other coastal areas in India and 
other parts of the world are much higher than the val-
ues observed during this study (Table!1). Total petro-
leum hydrocarbon levels in the surface and bottom 
seawater (Fig.!3a, b) exceeded the guideline levels of 
2.5! µg/L (FAO, 1982) in coastal waters samples of 
S1, S2 and S5 located at the southern region of Gulf 
of Mannar to Thoothukudi harbour.

ATSDR (1999) specifies TPH concentration to be 
below 10! μg/g for unpolluted environments and estua-
rine sediments. The average TPH content (13.08! µg/g) 
in the sediment assessed in the present study along the 
Tamil Nadu coast exceeded the level (Fig.! 3c) 10! μg/g 
of ATSDR (1999) indicating that these areas are slightly 
polluted from the major industries, harbour and petro-
leum-related activities along the coast. Total petroleum 
hydrocarbon concentration observed in the sediment was 
much lower than TPH in several of the other studies as 
compared in Table!1. Total petroleum hydrocarbon val-
ues recorded in sediments during this study were lower 
than that reported for west coast of India (Chouksey  
et! al., 2004). This could be due to the heavy traffic of 
oil tankers along the Arabian Sea shipping route than 
in the Bay of Bengal (Veerasingam et! al., 2010). The 
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concentrations of TPHs recorded in Tamil Nadu coast 
sediments were comparable (1.88–39.76! μg/g) to the 
previously reported values in the sediments of Chennai 

Coast (Venkatachalapathy et!al., 2010a, b). Further, TPHs 
content in the sediment reported in earlier studies along 
Indian coast and other coastal regions were much lower 
than that observed in the present study. However, pre-
sent TPH in sediments were much higher than recently 
reported levels (6.41!μg/g) in Tuticorin coast (Balachandar  
et! al., 2021) (Table! 1). However, in the present study, 
TPH concentrations in the sediment were lower than the 
Marine Sediment Quality Standard of first-class standard 
values of 500!μg/g (CSBTS, 2002).

Fig. 5  Non-multidimensional scaling (n-MDS) bubble plot 
showing similarities and grouping of sampling stations surface 
water (a), bottom water (b) and sediments (c). The circle indi-
cates that the division of the 5 main groups separated by simi-
larity and bubbles indicates the relative values of TPH for each 
station of Tamil Nadu coast. The size of the bubbles indicates 
the level of TPH concentrations during the study

◂

Table 1  Total hydrocarbon petroleum (TPH) in water and sediments in Indian Coast and other coastal regions
Study area Water

(μg/L)
Sediment (μg/g) Reference

Water
Indian Coast
Northern Indian Ocean, India 0.6–26.5 (Gupta et!al.,!1980)
Southern Bay of Bengal, India 34–165 (Topgi et!al., 1982)
Chennai coast, India 11–139 (Selvaraj et!al., 1999)
Thane Creek, Mumbai coast, India 2.9–39.2 (Chouksey et!al., 2004)
Andhra Pradesh coast, India 0.81–45.72 (Natarajan et!al., 2006)
Tamil Nadu coast, India 0.2–5.8 (Natarajan et!al., 2006)
Uppanar to Coleroon, Tamil Nadu, India 2.28–14.02 (Veerasingam et!al.,!2011)
Paradip port, Odisha, India 1.01–8.50 (Panigrahy et!al.,!2014)
Gopalpur port, Odisha, India 0.25–0.91 (Panigrahy et!al.,!2014)
Haldia port, West Bengal, India 1.60–20.11 (Panigrahy et!al.,!2014)
Diamond Harbour, West Bengal, India 1.35–1.71 (Panigrahy et!al.,!2014)
Indian Coast (Sediment)
World coast
Northwestern Arabian Gulf 1.2–546 (El Samra et!al.,!1986)
Strait of Johor, in Peninsular Malaysia 25–2795 (Abdullah et!al.,!1996)
Coastal waters from Malaysian west coast 5–386 (Abdullah et!al.,!1996)
Gulf of Thailand and East Coast of Peninsular 0.05–4.13 (Wongnapapan et!al.,!1999)
Bohai Bay, China 24–508 (Li et!al., 2010)
Romanian Black sea Sector 29–271 (%ig&nuș et!al.,!2016)
Buffalo Estuary, South Africa 7.65–477 (Adeniji et!al., 2017)
Tamil Nadu coast, India (Surface) BDL–47.5 Present study
Tamil Nadu coast, India (Bottom) 0.10–53.12
Sediment
Indian Coast
Arabian Sea along the Indian coast 0.6–5.8 (Sen Gupta et!al., 1993)
Thane Creek, Mumbai coast, India 7.6–42.8 (Chouksey et!al., 2004)
Bassein-Mumbai coast, India 7.0–38.2 (Chouksey et!al., 2004)
Chennai Coast, India 1.88–39.76 (Venkatachalapathy et!al., 2010a, b)
Pondicherry to Nagapattinam, India 1.48–4.23 (Veerasingam et!al., 2010)
Southeast Coast of India 2.2–5.6 (Muthukumar et!al., 2013)
Kanyakumari Coast, India 3.14–14.59 (Gurumoorthi & Venkatachalapathy, 2017)
Pulicat Lake, Southeast coast of India 0.28–6.86 (Hemalatha et!al.,!2020)

278



 Environ Monit Assess (2023) 195:1203

1 3

1203 Page 12 of 16

Vol:. (1234567890)

Conclusions

The total petroleum hydrocarbon contamination in 
the seawater and sediment of ~ 876! km stretch of 
Tamil Nadu coast was assessed. The concentration 
of TPH was ranged from BDL to 47.5!μg/L and 0.01 
to 53.12! μg/L in the surface and bottom seawaters, 
respectively, and their levels in few locations of the 
southern region have exceeded the international 
regulatory limit. In sediment, the concentrations of 
TPH varied from 2.33 to 30.07!μg/g and highest lev-
els in the sediment of Chennai harbour due to move-
ment of fishing boats and excessive shipping activi-
ties. Concentrations in the sediment showed strong 
correlation with silt and clay due to their active 
binding surfaces. Non-metric multidimensional scal-
ing (nMDS) analysis clustered the 27 studied sta-
tions into five groups within the Euclidean distance 
of 1.55. The trend of TPH content in sediment and 
water were contrasting with each other without any 
correlation. According to ATSDR, TPH concentra-
tion in the sediment of the Tamil Nadu coast can be 
categorised as slightly polluted. Water of the stud-
ied coastal stretch is fairly unpolluted with respect to 
TPH in comparison with the prescribed regulatory 
limit by international agencies. However, levels are 
expected to rise in the near future since coastal areas 

of Tamil Nadu are growing faster with the addition 
of new harbours, petroleum refinery industries, oil 
exploration and other large industries. The present 
TPH values can serve as the baseline value, and reg-
ular monitoring of the TPH level in different compo-
nents of coastal environment is suggested to ensure 
the ecological safety in sediment.
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Table 1  (continued)
Study area Water

(μg/L)
Sediment (μg/g) Reference

Ennore coast, India 3.25–17.47 (Balachandar et!al., 2021)
Tuticorin coast, India 2.05–10.16 (Balachandar et!al., 2021)
World coast
Arabian Gulf 5.4–92.0 (Al-Lihaibi & Ghazi,!1997)
Jiaozhou Bay, China 0.54–8.12 (Wang et!al.,!2006)
Gulf of Fos, France 7.8–180 (Mille et!al.,!2007)
Koh Sichang-Sriracha, Thailand 1.1–153.4 (Wattayakorn & Rungsupa,!2012)
Musa Bay, Iran 17–97 (Tehrani et!al.,!2013)
Coastal Area of Putatan and Papar, Sabah 0.26–4.59 (Mohd Ali et!al.,!2013)
Bohai Bay, China 6.3–535 (Zhou et!al.,!2014)
Northern Persian Gulf, Iran BDL–1.71 (Mohebbi-Nozar et!al.,!2015)
Musa Bay, Iran 16.48–97.15 (Tehrani et!al.,!2016)
Tamil Nadu coast, India 2.33–30.07 Present study
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Dr. Indumathi M Nambi 

Professor 

Environmental Engineering Division Department of Civil 

Engineering Indian Institute of Technology Madras 

Chennai — 600036, INDIA 

Date: 19.02.2025 

To, 

Member Secretary 

Tamil Nadu Pollution Control Board, 

No.76, Mount Salai, Guindy, Chennai - 600032. 

Subject: Rebuttal To The Queries Raised In The Matter Of “The Assessment Of Ennore 

Oil Spill During Michaung Cyclone” Report Submitted By ITT Madras 

Dear Sir, 

We acknowledge the concerns raised regarding the oil spill assessment conducted by IIT 

Madras concerning the Chennai Petroleum Corporation Limited (CPCL) oil spill incident 

following Cyclone Michaung. Below, we provide clarifications to the key concerns raised in the 

order dated 24.01.2025. 

1. As stated in Statement 2 of the order “....A DISCREPANCY IN OIL QUANTITY 

ESTIMATION, QUANTITY ASSESSMENT, ETC...” 

Oil quantity estimation was conducted through the methodology outlined in our report under 

“Quantification of Oil in the Contaminated Areas” (refer to Page 25 of our report). This 

approach involved estimating oil volume across five categories: 

1. Oil present in soil 

2. Oil pools in the islands and Buckingham Canal overflow 

3. Oil sheen on Buckingham Canal and Kosasthalaiyar River 

4. Oil present in residential and industrial areas 

E-mail: indunambi@civil.iitm.ac.in

Phone: +91-44-22574289
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5. Oil stains on mangroves and riverbanks 

To estimate the volume of ‘Oil present in soil’, we identified 8 soil contaminated zones out of 

the 20 identified hotspots. We used conservative estimates for depth of contamination as 1 

foot (despite field observations ranging from 1 to 2.5 feet) and TPH concentration as 30 

g/kg (despite measured values reaching 46 g/kg). Factoring in the area of each contaminated 

zone measured using Google Earth Pro, depth of soil contaminated, density of oil, and TPH 

concentration, we estimated approximately 487 cubic meters of trapped oil, assuming only one- 

third of the soil mass is affected. If the soil was fully contaminated, this would rise to 1,623 cubic 

meters which is a least conservative estimate. 

CPCL’s Reply: 

Oil being a lighter component /low density, oil tends to float over the surface of water. Settling 

& percolation of oil in the sediment requires longer duration. TPH value of IITM CE report in the 

range of 13,600 – 46,550 mg/Kg is unrealistic 

When an oil spill occurs, the oil tends to remain on the water surface rather than getting settled 

to the channel bed. Oil fraction found in channel bed sediment samples could come from the 

settling of suspended sediment grain and bio-genic particles with the adsorbed oil compound 

and require longer period for settling. 

Comparison of TPH value reported by various agencies in the same period is tabulated below: 

Sl.No Name of the 
Agency 

Reference As reported Standardized to 
mg/kg 

1 NIO 
TNPCB filed in NGT on NIO 
report on 09.09.24  
 

0.63– 1.83 
mg/g 630-1830 

2 NCCR  NCCR report  
 

100 – 1000 
µg/gm 

 

100-1000 
 

3 TERI  
CPCL filed TERI report on 09. 
09.24.  
 

5.84-47.34 
mg/Kg 

 
5.84-47.34 
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4 IITM TNPCB filed in NGT on IIT report 
on 09.09.24 

13.6 -46.5 g/Kg 13,600-46,550 

 

The above table clearly depicts sample analysis is completely wrong and resulted in exorbitantly 

higher TPH values for sediments  are 46 – 136 times higher than NCCR results. 

IITM report has taken these erroneous values whiles computing the oil quantity. This misleading 

faulty quantity should not be considered for estimation of oil quantity. 

IIT has not commented on the reports of NCCR, NIO and TERI TPH values which are much 

lower.   

 

For the other categories, we used field-verified area measurements, with contributions from 

the coast guard, and independent surveyors to ensure reliable assessments. Oil thickness 

assumptions were based on visual observations, and they were very conservative. 

CPCL’s Reply: 

The field verification data would differ from person to person and is highly subjective.  

Perception by different agencies / persons will vary widely. Taking thickness value based on 

visual inspection is unscientific and leads to error.  

Moreover, mapping the drone images & with the presumed oil thickness in google map will 

always lead to misleading results. Hence, the statement of conservative measurement is not 

acceptable. 

 

Our report explicitly states that several factors were excluded from the final estimate, such as 

floating oily sludge removed by CPCL’s cleanup measures prior to our study (393 

tonnes), TPH present in sediments and water, oil trapped in inaccessible islands, and 

contamination within CPCL premises. Since our assessment was conducted after 

cleanup activities were completed, our estimate is very conservative and likely an 
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underestimation of the actual spill. 

Hence, we are confident that the final estimated range of 517 to 2,569 tonnes accounts for only 

a fraction of the actual spill. Our methodology reflects a transparent approach that considers 

both conservative and worst-case scenarios. Any variation in estimates is due to the 

complexity and scale of oil dispersion in the environment. 

 
CPCL’s Reply: 

This is the disclaimer given in the 2nd IIT report which clearly indicates that the oil estimation is 

subjective and is based on perception. 

 

IITM states that 393 MT of oily sludge removed by CPCL is from “The Hindu Bureau” (IITM 

report page No: 6) and it clearly reveals the fact that in the absence of reliable data they have 

taken from the News journal without verifying the veracity of the data. 

 
In fact, the quantity of 395 MT is the oily water collected from the Ennore Creek area during the 

oil spill incident. The report has anonymously  consider this quantity as 100% oil and used it for 

validating their data. During the initial period, the oily water received from the Ennore creek area 

was having thin layer of oil at the top whereas the drums received after 2-3 days had water only. 

While receiving TNPCB officials also witnessed & recorded the above. During the oil spill 

incident, CPCL collected the following materials containing oil in the stretch from Ennore Creek 

area under the supervision of TNPCB & state authorities CPCL treated this oily water & 

recovered the oil amounts to 2.29 MT only. 

 
Hence, such a huge quantity is not reasonable. 
 

 
 
 

2. As stated in statement 4 of the order “...REPORTS WERE NOT BASED ON THE 

ACTUAL SAMPLES TAKEN IN THE AFFECTED LOCATIONS.” 

Our field team collected soil, water, and sediment samples along the Kosasthalaiyar River and 

Buckingham Canal covering all impacted regions. Field assessments were conducted using 
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boats, drones and by road. Water and sediment samples were collected at 500-meter intervals 

along a 12 km stretch from Indian Oil Corporation Limited (IOCL) in Tondiarpet to Ennore Creek. 

Sampling locations were chosen based on visual inspections of contamination zones and 

hyperspectral drone surveys with oil observed on water, sediments, soil, canal and river 

embankments, and mangroves (refer from page 6-20 of our report). 

CPCL’s Reply: 

Even though entire Manali and Ennore industrial area were inundated IIT team has not verified 

the other industries. Though it is mentioned in the report that Upstream of B Canal from Manali 

High Road to Kodungaiyur was covered, nowhere else they furnished the analysis or the results 

of Kodungaiyur area.  

It may be noted that in The Energy and Research Institute (TERI) study TPH content of the 

sediments shows 11.46 to 18.17 mg/Kg at the upstream of CPCL in Kodungaiyur area (TERI  

report page No:41) and this factor was not at all considered in report. TNPCB has also submitted 

to NGT that oil traces were observed at Upstream of CPCL (Filed in NGT on 09.12.23) 

Water samples were taken from both surface and bottom layers using a bailer. Sediment 

samples were collected using a grab sampler from the river and the canal. Soil samples were 

collected using soil core sampler/slide hammer upto 4 feet depth in the contaminated zones. 

TPH concentrations ranged from 0.28 to 7.21 g/L in water, 17 to 120 g/kg in sediments and 

13.6 to 46.55 g/kg which was measured using gravimetric method. 

 

 

CPCL’s Reply: 

It may be noted that all the agencies viz NCCR, NIO, TERI & TNPCB has followed the similar 

method of collecting water & sediment samples and the results of TPH concentration in water 
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is compared in the following table: (sediments TPH comparison already given) 

Sl.No Name of the 
Agency 

Reference As reported Standardized to 
mg/lit 

1 TNPCB 
TNPCB has filed the TPH 
values in NGT on 27.02.24  

0.217-2.458 
mg/lit 0.217-2.458 

2 NIO 
 

TNPCB filed in NGT on NIO 
report on 09.09.24  

0.025-2.11 
mg/lit 

 
0.025-2.11 

3 NCCR  NCCR report   
27.77 – 1008 

µg/ lit 
 

0.0277-1.008 
 

4 TERI  CPCL filed TERI report on 09. 
09.24.  

0.2-3.9 mg/lit 
 0.2-3.9 

5 IITM TNPCB filed in NGT on IIT 
report on 09.09.24 

0.28 g/L – 7.21 
g/lit 

280-7210 

 

The above table clearly depicts sample analysis is completely wrong and resulted in exorbitantly 

higher TPH values for water are 70,00 – 10,000  times higher than NCCR results. 

IIT has not commented on the reports of TNPCB, NCCR, NIO and TERI TPH values which are 

much lower.   

 

Hence, the results are not representing the actual scenario. 
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Gas Chromatography-Mass Spectrometry (GC-MS) analysis was conducted to identify the 

spilled oil during the floods. The field sample chromatogram was compared with those of crude 

oil, furnace oil, and slop oil. Upon analyzing the individual compounds in each chromatogram 

(across all four samples) for their m/z fragmentation pattern, it was noted that many compounds 

in the field sample (such as Decane, Dodecane, Tridecane, Hexadecane, Phytane, etc.) 

corresponded with those in slop oil and furnace oil. Hence, it is plausible that the oil present 

in the flood water is either furnace oil or slop oil. 

CPCL’s Reply: 

Manali & Ennore industrial area has more than 25 major petrochemical / chemical industries 

and lot of small industries, workshop & carriages.  Also, in the Manali industrial belt, various oil 

marketing terminal, lube blending plants, Railway loco shed, which handle furnace oil, lube oil 

etc. All these industries were inundated during the flood due to Michuang cyclone and 

subsequent release of surplus water from nearby reservoirs, surface oil would have been 

washed away from any or many of these industries. The report  team has not made any attempt 

to identify the source and miserably failed to account the other Manali Industries. 

IIT report-2 submitted to Hon’ble NGT on 24.01.25 by TNPCB , discrepancies in the source 

identification by IIT 1st report was brought to the notice of NGT. Out of 30 Nos of open reservoirs, 

13 do not belong to CPCL. Out of the 12 open reservoirs pointed out by IITM-CE report as the 

main source of oil spill, 2 reservoirs are outside CPCL and the balance reservoirs are also used 

as raw water reservoirs, storm ponds, Guard Pond, Fire water ponds for storing oil free water 

only. 
 

The 2nd report submitted by IITM to TNPCB is silent on the above matter and confirms that the 

source identification is not correct.  

 

The images below contain GPS coordinates and sampling dates, confirming that the 

samples were collected from the affected locations. The dates indicate sampling 

occurred near the completion of cleanup activities, which, according to news reports (oil-

spill-in-ennore- brings-fishing-to-a-standstill), concluded on December 20, 2023.
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Altitude 2 meters 

Tuesday, 19.12.2023 

3. “As stated in statement 4 of the order...THE STUDY OF THE DEPTH OF THE OIL WAS 

NOT DONE, AS THEY HAD TAKEN ONLY RANDOM SAMPLES.” 

We would like to reiterate that our sampling methodology was field validated, ensuring that 

contamination depth was properly assessed. Soil samples were collected up to 4 feet deep, covering 

the hotspots where oil contamination was observed. Field observations confirmed that oil had 

penetrated the soil to depths ranging from 1 to 2.5 feet in the identified contaminated zones. 

To minimize over-estimation, we adopted 1 foot as the depth for calculations, even though actual 

field measurements indicated deeper contamination. The random sampling claim is inaccurate, as 

our samples were collected from identified hotspots, ensuring that contamination was systematically 

assessed across multiple locations. 

Note: Kalainagar nagar bridge Sludge 1 

57GR+4C2 Buckingham Canal Bridge, Manali High Rd, Tiruvottiyur, 
Chennai, Tamil Nadu 600068, India 

Latitude 

13.1757099° 
Local 10:18:24 AM 

GMT 04:48:24 AM 

Longitude 

80.29041741° 
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CPCL’s Reply: 

It may be noted that all the agencies viz NCCR, NIO, TERI & TNPCB has followed the similar method 

of collecting water. Further, IITM has assumed arbitrarily contamination of 1 foot throughout the area 

considered without any basis which is also incorrect.  

Report has taken lot of assumptions without any base in finalizing the quantity rather than facts.  

 

Assumption 1 : As referred above, average TPH values were taken irrespective the area. (IIT report 

page No: 26)  

Assumption 2 : The report  has assumed a uniform thickness of 0.1 mm for the entire residential 
and industrial area which is unscientific. In the residential & industrial area. (IIT report page No: 30). 

The report  has assumed a uniform thickness of 0.1 mm for the entire area which is unscientific. If the 

oil thickness is 0.1 mm as per the report  as on 21.12.2023, the normal life of people in that area 
would have been affected. 
Assumption 3 : Similarly the report  assumed depth of oil estimation in pool 1 mm without 

measuring the thickness and was applied uniformly to all the area. (IIT report page No: 28) 

Assumption 4 : The report  arbitrarily taken 10,000 sq.m of oil pool in  mangrove area and another 

10,000 sq.m of oil pool near pipelines without proper justifications. The report  assumed a uniform 
oil thickness of 1mm all over the area. (IIT report page No: 28) 

Assumption 5 : Area calculated is based on the oil marking height & the length of the mangrove 
tree area and is unscientific as the mangroves will have branches & space between trees etc. The 
report  considered the whole area like wall and arrived at the area.  (IIT report page No: 32) 

Assumption 6 : The report  has assumed 0.01 mm oil thickness in the mangrove area. (IIT report 

page No: 32)   

Assumption 7 : Assumption of oil layer of 10 mm without any basis in open reservoir tanks such 

as Fire water ponds, water plant regeneration water tank, building etc. is beyond imagination (IIT 

report page No: 36) 

 

Estimation of oil quantity with the above assumptions in the absence of true measurements will always 

be misleading. 
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OUR LATEST FINDINGS 

Following the oil spill incident, we conducted site visits in February 2024, June 2024, and October 

2024. In February we visited two contaminated locations where oil contamination was still persistent. 

During the June and October visits, we carried out extensive sampling to measure TPH 

concentration. In June, water, soil, and sediment samples were collected. Due to the high TPH 

concentrations detected in sediments, our October sampling focused on sediment and soil to 

further evaluate contamination persistence. Given that water is a flowing matrix, TPH measurements 

in water would not provide a reliable indication of long-term contamination. 

 
Images taken in February 2024: The first image captures oil contamination revealed after 
scraping off the fresh sand on the surface, while the second image shows the layer of oil 
contamination just beneath the topsoil.

Chennai - Ennore 
22 February 2024 at 5:44:44 PM 6,166 of 7,346 

Chennai • Manati New Town 
22 Feotuary 2024 at 3:58.13 PM 6,164 of 7.346 
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TPH CONCENTRATION IN WATER SAMPLES COLLECTED IN JUNE 2024. 

Sample ID Latitude Longitude Impact Zone TPH(g/L) 

L20 13.141573 80.27858
7 

Near CPCL Premises 1.64±0.11 

L21 13.15497
2 

80.28511
7 

Near CPCL Premises 3.69± 1.61 

L19 13.17160
7 

80.28429
8 

Near CPCL Premises 2.08 ±0.72 

L17 13.17672
5 

80.29126
4 

Flood Plain of Kosasthalaiyar River 3.37 ± 1.41 

L18 13.17991
1 

80.29315
4 

Flood Plain of Kosasthalaiyar River 3.40 ±0.88 

L22 13.16016 80.28767
9 

Buckingham Canal 4.78 ±0.23 

L23 13.16606
4 

80.28946
5 

Buckingham Canal 2.61 ± 1.78 

L24 13.17582
9 

80.2916 Buckingham Canal 1.44 ± 0.18 

L25 13.17976
4 

80.29401
7 

Buckingham Canal 3.05 ±0.17 

L26 13.18295
5 

80.29605
4 

Buckingham Canal 1.63 ± 1.21 

L27 13.18852
9 

80.30142
2 

Buckingham Canal 0.33 ±0.12 

L29 13.19203
1 

80.30344
3 

Buckingham Canal 4.95 ± 1.92 

L28 13.19564 80.3049833
3 

Buckingham Canal 2.79 ±2.77 

L30 13.21573
2 

80.31606
1 

Buckingham Canal 6.49 ±0.30 

L15 13.219993 80.31852
2 

Buckingham Canal 1.48 ±0.41 

L7 
13.18353

6 
80.29452

4 Kosasthalaiyar River 
Top water 0.57 ±0.05 

Bottom Water 0.56 ±0.17 

L6 
13.1904

5 
80.30051

1 Kosasthalaiyar River 
Top water 0.33 ±0.08 

Bottom Water 1.13 ±0.64 

L5 
13.19517

9 
80.30313

4 Kosasthalaiyar River 
Top water 0.45 ±0.09 

Bottom Water 4.08 ±3.07 

L4 
13.19891

5 
80.30454

2 Kosasthalaiyar River 
Top water 1.32 ±0.37 

Bottom Water 2.56 ±3.34 

L3 
13.21100

1 
80.31261

1 Kosasthalaiyar River 
Top water 0.67 ± 0.07 

Bottom Water 6.58±0.13 
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L2 
13.21418

4 
80.31367 

Kosasthalaiyar River 
Top water 0.57 ±0.10 

Bottom Water 3.12 ±0.72 

LI 
13.21790

9 
80.314783 

Kosasthalaiyar River 
Top water 0.29 ±0.09 

Bottom Water 3.90 ±2.74 

L8 
13.22363

9 
80.319028 

Ennore Creek 
Top water 0.74 ±0.35 

Bottom Water 0.70 ±0.20 

L9 
13.225977 80.320215 

Ennore Creek 
Top water 2.57 ±0.09 

Bottom Water 1.04 ±0.30 

LIO 
13.227023 80.32094

1 Ennore Creek 
Top water 2.53 ±0.12 

Bottom Water 0.96 ±0.03 

Lil 
13.22921 80.324436 

Ennore Creek 
Top water 4.03 ±0.39 

Bottom Water 1.56 ±0.24 

L12 13.2311 80.32602 Ennore Creek 
Top water 3.09 ±0.28 

Bottom Water 1.07 ±0.46 
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Across all five impact zones, the mean Total Petroleum Hydrocarbon (TPH) levels in the collected 

samples ranged from 0.29 ± 0.09 g/L to 6.58 ± 0.13 g/L. Highest concentrations were found in 

Buckingham Canal and Kosasthalaiyar River, with peak values exceeding 6 g/L. Given that no 

specific CPCB standard exists for TPH in water, these findings emphasize the need for continuous 

monitoring and pollution control measures since TPH contamination could pose longterm 

environmental and ecological risks, affecting water quality, sediment health, and aquatic ecosystems. 

TPH CONCENTRA TION IN SEDIMENT SAMPLES IN JUNE 2024 AND OCTOBER 2024: 

Sample ID Latitude Longitude Impact Zone 
June 2024 
TPH (g/kg) 

October 2024 TPH 

(g/kg) 

L20 13.14157
3 

80.27858
7 

Near CPCL Premises 16.41 ±7.00 12.24 ± 1.33 

L21 13.15497
2 

80.28511
7 

Near CPCL Premises 26.63 ±2.64 22.37 ± 1.02 

L19 13.17160
7 

80.28429
8 

Near CPCL Premises 89.01 ±3.46 51.49 ±6.70 

L17 13.17672
5 

80.29126
4 

Flood Plain of 
Kosasthalaiyar River 32.85 ±5.96 10.17 ±4.92 

L18 13.17991
1 

80.29315
4 

Flood Plain of 
Kosasthalaiyar River 20.35 ±6.73 5.99 ±0.53 

L22 13.1601
6 

80.28767
9 

Buckingham Canal 21.69 ±2.68 27.88 ±5.41 

L23 13.16606
4 

80.28946
5 

Buckingham Canal 16.59 ± 1.80 23.01 ± 1.76 

L24 13.17582
9 

80.2916 Buckingham Canal 15.39 ± 3.15 22.31 ±2.76 

L25 13.17976
4 

80.29401
7 

Buckingham Canal 23.04 ± 1.00 27.51 ± 1.38 

L26 13.18295
5 

80.29605
4 

Buckingham Canal 20.27 ±0.85 25.08 ± 1.43 

L27 13.18852
9 

80.30142
2 

Buckingham Canal 17.62 ±2.41 30.44 ±5.32 

L29 13.19203
1 

80.30344
3 

Buckingham Canal 21.73 ±3.74 25.43 ± 6.42 

L28 13.1956
4 

80.304983
33 

Buckingham Canal 12.57 ±5.18 24.66 ±3.01 

L30 13.21573
2 

80.31606
1 

Buckingham Canal 0.34 ±0.04 27.59 ±3.55 

L15 13.21999
3 

80.31852
2 Buckingham Canal 

Sample not 

collected 10.92 ±0.34 

L7 13.18353
6 

80.29452
4 

Kosasthalaiyar River 16.37 ±3.08 20.18 ±7.47 
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L6 13.19045 80.300511 Kosasthalaiyar River 12.25 ±0.16 19.59 ±8.68 
L5 13.19517

9 
80.303134 Kosasthalaiyar River 19.66 ± 14.88 16.48 ±0.54 

L4 13.19891
5 

80.304542 Kosasthalaiyar River 38.03 ±1.10 26.95 ± 5.26 

L3 13.21100
1 

80.312611 Kosasthalaiyar River 40.67 ± 12.51 22.35 ±2.05 

L2 13.21418
4 

80.31367 Kosasthalaiyar River 34.26 ±3.88 24.42 ± 4.62 

LI 13.21790
9 

80.31478
3 

Kosasthalaiyar River 19.91 ±6.28 19.77 ±4.25 

L8 13.22363
9 

80.319028 Ennore Creek 16.95 ±3.25 13.55 ± 1.21 

L9 13.22597
7 

80.32021
5 

Ennore Creek 21.72 ± 1.73 11.45 ±2.68 

LIO 13.22702
3 

80.320941 Ennore Creek 19.07 ± 1.17 9.80 ±0.87 

Lil 13.22921 80.324436 Ennore Creek 17.35 ±2.70 8.08 ± 1.27 

L12 13.2311 80.32602 Ennore Creek 11.19 ± 1.07 7.52 ±0.81 
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The data reveals that TPH concentrations in sediments remain significantly high across all 

impacted zones, extending to the creek, indicating persistent contamination. The highest 

levels were recorded at L19, near the CPCL premises, with 89.01 g/kg in June 2024 

and 51.49 g/kg in October 2024. While TPH levels have decreased in certain areas 

between June and October, this reduction is not consistent throughout all locations. The 

continued presence of TPH after several months highlights that surface-level cleanup 

efforts were inadequate in addressing deeper sediment contamination. Unlike water, 

sediments act as a repository for petroleum hydrocarbons, posing long-term ecological 

risks, which underscores the need for more comprehensive remediation strategies. 

TPH CONCENTRATION IN SOIL SAMPLES IN JUNE 2024 AND OCTOBER 2024: 

Sample ID Latitude Longitude Impact Zone 
June 2024 
TPH (g/kg) 

October 2024 

TPH (g/kg) 

Soil Depth 

(ft) 

L16 13.17599
2 

80.29081
4 

Flood Plain of 
Kosasthalaiyar 
River 

9.81 ± 1.83 17.11 ±4.72 0'-0.5' 

L17 13.17672
5 

80.29126
4 

Flood Plain of 
Kosasthalaiyar 
River 

14.59 ±2.42 31.26 ±5.81 0'-0.5' 

L18 13.17991
1 

80.29315
4 

Flood Plain of 
Kosasthalaiyar 
River 

26.68 ±1.82 5.99 ±0.53 0'-0.5' 

L7 13.18353
6 

80.29452
4 

Kosasthalaiyar 

River Islands 34.94 ± 14.40 12.47 ±3.94 0'-0.5' 

L6 13.19045 80.30051
1 

Kosasthalaiyar 

River Islands 8.63 ±1.50 12.05 ±2.24 0'-0.5' 

L4 13.19891
5 

80.30454
2 

Kosasthalaiyar 

River Islands 17.87 ± 1.77 21.39±2.54 0'-0.5' 

L2 13.21500
1 

80.31362
5 

Kosasthalaiyar 

River Islands 18.54 ±3.33 22.04 ± 1.11 0'-0.5' 

L14 13.22625
6 

80.32083
6 

Private Property 

near Ennore Road 6.73 ±4.68 4.79 ±0.69 0'-0.5' 

L14 13.22625
6 

80.32083
6 

Private Property 

near Ennore Road 

Bridge 

20.49 ± 11.10 18.34 ±5.33 0.5'-r 
 

L14 13.226256 80.320836 
Private Property 

near Ennore Road 

Bridge 

9.75 ±2.16 15.24 ±5.13 r-1.5' 
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L14 13.226256 80.320836 
Private Property 

near Ennore Road 

Bridge 

5.95 ±1.04 4.90 ±0.97 1.5'-2’ 
 

Soil samples were collected from the Flood Plain of the Kosasthalaiyar River, one of the 

primary entry points of the oil spill during our December 2023 field survey. A significant 

amount of oil was released onto the floodplain, eventually seeping into the river (refer to 

page 12 of our report). TPH levels in this zone ranged from 9.81-26.68 g/kg in June and 

5.99-31.26 g/kg in October. While L18 showed a decline in TPH (from 26.68 to 5.99 g/kg), 

L16 and L17 exhibited an increase (L16: 9.81 to 17.11 g/kg; LI7: 14.59 to 31.26 g/kg). 

In Kosasthalaiyar River Islands, TPH levels ranged from 8.63 - 34.94 g/kg in June and 

12.05 - 22.04 g/kg in October. L7 showed a significant decrease (from 34.94 to 12.47 g/kg), 

while L4, L6, and L2 exhibited slight increases, reinforcing the need for long-term monitoring 

and intervention. 

CPCL’s Reply: 

In the first IITM report submitted by TNPCB on 09.09.24 did not consider neither the effect 

of anthropogenic activities nor checked the TPH value in the upstream of CPCL. However, 

the IITM during their 2nd report, checked the TPH value in the upstream of CPCL and the 

same was submitted to this Hon’ble NGT on 28.02.25 by TNPCB. 

 

As per the report, the TPH value of water and sediments in Buckingham canal upstream of 

CPCL is furnished below.  

 

Same ID & 
Location 

Impact Zone 
Water TPH 

g/L 
Sediment TPH 

g/Kg 

  June 2024 June 2024 Oct 2024 

L20 

13.141573 & 

80.278587 

Near CPCL 

Premises - B’ 

canal 

(Upstream of 

CPCL) 

1.64±0.11 16.41 ±7.00 12.24 ± 1.33 

Other B’ 

canal area 

Down stream of 

CPCL 
0.33 to 6.49 0.34 to 23.04 22.31 to 30.44 
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a) TPH value in water & sediment at upstream of CPCL is almost 50 to 60% of 

TPH observed in downstream of CPCL. 

b) In some of the locations, the TPH  value in water & sediment at downstream 

of CPCL ( L6,L7,L12,L15,L24,L28 & L30) are lesser than the TPH  value 

upstream of CPCL and in most of the other locations, the values are almost 

equal.  

c) The above clearly indicates that the TPH value at Ennore creek was due to 

anthropogenic sources like sewage wastewater and solid waste dumps.  

d) In few locations where higher value of TPH value at the downstream of TPH 

may be due to deposits of anthropogenic sources over the period of time.  

 

1. Higher values of TPH reported in IITM 1st and 2nd report  

In the 1st report, IITM reported higher TPH value of water and sediments.  CPCL 

already raised this issue of reporting of higher TPH value in sediments to the court 

on 24.01.25 comparing with NIO,NCCR & TERI reports.  

In the 2nd report also IITM reported higher TPH values. CPCL has requested IIT 

oceanography to check the TPH value of sediments at upstream and downstream of 

CPCL/ Manali Industries. Comparative statement is furnished below.  

 
 

Reports  
Upstream of 

CPCL 
in g/Kg 

Downstream of 
CPCL 

in g/Kg 

IIT 2nd report 

submitted by 

TNPCB 

June 2024 16.41 ±7.00 0.34 to 23.04 

Oct 2024 12.24 ± 1.33 22.31 to 30.44 

Present IIT 

oceanography 

report 
Jan 2025 0.001 to 0.005 0.001-0.030 

 
a) It is also submitted that the sediment TPH value at upstream and downstream 

reported are much higher than the value of IIT oceanography report. IIT 

oceanography report TPH values are in consistent with other reports 

submitted by NIO, TERI, NCCR & TNPCB.  
b) In similar way, IIT reported higher values in their 1st report, and this resulted 

in higher oil quantity estimation of 517 MT of oil quantity.  
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From the above, there may be error in the methodology of testing carried out by IIT-
M (both 1st & 2nd).  
 

A Private Property near Ennore Road Bridge (L14), heavily impacted during the oil spill 

in December 2023 (refer to figure 12 of our report), exhibited fluctuating TPH concentrations 

across depths. The highest levels were found at 0.5-1 feet (20.49 g/kg in June, 18.34 g/kg 

in October), while deeper layers (1.5-2 feet) had lower TPH, indicating contamination is 

primarily concentrated in surface and near-surface layers. 

If the cleanup had been truly effective, contamination levels would have consistently 

declined across all monitored locations. However, the rise in TPH levels suggests 

incomplete remediation and raises significant concerns about its overall 

effectiveness. 

CPCL’s Reply: 

As a responsible corporate citizen, CPCL stepped into restoration activities in consultation 

with state Government Authorities, Tamil Nadu Forest Department and Tamil Nadu 

Pollution control board (TNPCB) authorities.  128 boats and 512 manpower on daily basis 

were engaged for cleaning activity.  Containment booms of around 1500 meters were 

installed at various locations in Ennore creek. Six Nos of oil skimmers were deployed for oil 

slick removal activities. Around 35,000 Nos of absorbent pads and 500 meters of absorbent 

booms were also used. The absorbent booms and pads were used to absorb the residual 

oil traces from the water. Shore areas were also cleaned. The restoration activity in the 

Ennore creek was carried out on war footing basis and the work was completed on 20.12.24 

as declared by Tamil Nadu Government. Mangrove area was cleaned/ pruned as per the 

advice of Tamil Nadu Forest Department. Subsequently bioremediation of Mangrove area 

was carried out by using Herbal Nano bio dispersant on the advice of TNPCB thro’ National 

Institute of Oceanography (NIO) Goa in Jan’24. This work was also completed as on 

31.01.2024.  

Further, CPCL is also planning to carry out the analysis of water, soil & sediments in the 

above coordinates through an expert agency and will submit the report shortly. 
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The below are the geotagged images from the field sampling conducted in June 2024 

and October 2024 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Black stains seen on pneumatophores in June 
2024 

Oil sheen observed when the river sediments 
were disturbed 

Oil stains seen on trees and walls near 
CPCL premise

s 

Oil sheen observed at Entry Point 1 - Storm 
water canal discharge into surplus canal of 
Kosasthalaiyar River in June 2024 
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BIODIVERSITY IMPACT ASSESSMENT BY ICFRE - INSTITUTE OF FOREST 

BIODIVERSITY, HYDERABAD 

The oil spill has severely impacted biodiversity in the affected area, staining mangroves up to 10 feet high, 

submerging saplings in oil slicks, and contaminating crab burrows, endangering benthic organisms. 

The spill led to widespread mortality among shrimp, crabs, fish, and birds at the time of the incident 

(refer to figures 14 and 15 in our report). To assess the ecological damage, a biodiversity impact 

assessment was commissioned to the ICFRE - Institute of Forest Biodiversity, Hyderabad. 

The following text summarizes their findings: 

• Elevated microbial contamination was observed in both water and sediment samples across 

all measured parameters (ie. TVC, TC, FC, ECLO and SFLO) in the oil spill- affected areas, with 

significantly higher counts of total viable bacteria and E. coli compared to the control sites. 

This suggests disarray in natural filtration, sewage leakage and organic matter as a result of the oil 

spill has made the conditions apt for the proliferation of microbes in this region. 

Oil sheen seen near storm water drain outlets 
near CPCL premises 

Oil sheen observed on Kosasthalaiyar 
river in October 

2024 
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CPCL’s Reply: 

E. coli presence would be more due to sewage properties and the same was mentioned by ICFRE. 

 

• Average chlorophyll-a levels were similar between impacted (1.7 mg/m3) and reference sites (1.9 

mg/m3), but the impacted areas showed wide variations ranging from 0.1 mg/m3 to 4.6 mg/m3. This 

could be due to environmental instability in some regions, while in others, increased nutrient input 

from the oil spill may have boosted phytoplankton productivity. The average phytoplankton 

population density was higher in the impacted region (1154.0 x 103/L) than in the reference 

area (953.0 x 103/L), indicating altered nutrient availability. It was also noted that the impacted 

regions showed a broader range of phytoplankton population density which stipulates 

localised blooms or extinctions. 

• The studies conducted in zooplankton indicated notable variation in the population density of 

the oil spill impacted region which ranged from 250 to 18,500 x 103 individuals per 100m3. In 

comparison a much more stable zooplankton density (250 to 1,250 x 103 individuals per 100m3) 

was observed in the reference region, indicating a healthy population. 75.26% of zooplankton 

studied in the affected regions were copepods suggesting a clear imbalance in the community with 

only certain species able to adapt and thrive in the region. In reference areas, rotifers were dominant 

accounting to 56% of total zooplankton observed. This shows a more diverse and stable community. 

• According to the studies conducted it was observed that the oil spill impacted regions that 

had more variability in mangrove stand densities (9-53 plants/100 m2) in contrast to the more 

stable reference regions (11-34 plants/100m2). Localised disturbances from the oil spill could have 

caused variability in the affected regions. The recruitment density in reference sites (29.04 recruits/m2) 

were much more than that of oil spill affected areas (4.8 recruits/m2), suggesting the poor conditions 

retard the establishment of new mangrove saplings in the affected areas. It was noted that the 

seedling to sapling ratio of the oil spill affected region was low as compared to that of reference region, 

which suggested that the oil spill contamination lead to limited survival and growth of seedlings. 

 

CPCL’s Reply: 
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 This clearly indicates that the mangroves were not affected as their densities are intact. The Principle 

Chief Conservator of Forest in his memo filed in NGT on 25.03.2024 also confirmed that there are no 

causalities of Mangrove which is furnished below. 

 

 

 

• Macrobenthic study in the affected region of Ennore creek varied broadly, ranging from 13 to 

1,125 individuals/m2, suggesting patchy distribution due to the contamination and toxicity in 

the affected areas. The reference region showed more stable densities with 25 to 5,175 

individuals/m2 suggesting a more healthy habitat. 

• Birds were heavily coated with oil during the spill, but nine months later, no signs of oil 

contamination were observed. This suggests a possible recovery from short-term effects. Regular 

monitoring is needed to assess any long-term impacts on bird populations. 

• A large number of fish were found dead during the spill, and fish diversity remained low 

even after nine months, with only four species recorded, compared to eight finfish and two 

shellfish species in the reference region. This suggests habitat degradation in the spill-affected 

areas, while the higher catch rates in the reference region indicate a healthier fish population. 

• Toxicity tests indicated an increase in rate of mortality with increase in sample concentration and 

exposure time, and showed varying levels of resistance in organisms in different zones. Slowest 

mortality response was seen in the mouth zone (Ennore Creek) with lower concentration of 

25%, whereas quickest onset of mortality was observed in upstream locations at higher 
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concentrations. The reference didn’t show any mortality indicating contamination in 

experimental zones. 

Recommendations highlighted by ICFRE - IFB, Hyderabad: 

• Bioremediation should be implemented to accelerate hydrocarbon degradation, along with regular 

water quality monitoring for pollutants and heavy metals. 

• Habitat restoration efforts, including mangrove replantation and artificial reef installations, are 

essential to support ecosystem recovery. 

• Sustainable fishery management measures, such as temporary fishing bans and livelihood 

support for affected communities, are advised to restore fish populations. 

• Additionally, continued monitoring of avian biodiversity and habitat protection are crucial to 

assess long-term ecological impacts. 

These measures, combined with stricter pollution control policies, will help rehabilitate the 

affected ecosystem and ensure long-term environmental resilience. 

CPCL’s Reply: 

As per the directions given by TNPCB, CPCL has deployed NIO to carry out bio remediation of the Ennore 

Creek area using Herbal Nano Bio dispersant and the job was completed in Jan 2024. The Marine Eco 

system is completely restored and there is no impact on the Marine Eco system due to the oil spill as per 

the studies carried out through NIO & TERI.  
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Sampling locations of the study region used to collect the water sediment samples for biological parameters.  
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Our assessment of the Ennore oil spill was conducted using systematic methodologies, 

incorporating both conservative and worst-case estimates to ensure accuracy while avoiding 

overestimation. Extensive field surveys and laboratory analyses were carried out across all 

affected regions. The detection of elevated TPH levels in sediments and soil in our latest 

findings underscores the spill’s long-term environmental impact, highlighting the need for 

remediation measures in the affected areas. 

CPCL’s Reply: 

The TPH estimates from the ground based discrete sediment samples are highly biased. 

Extrapolation of such TPH values from discrete samples to arrive oil quantity for the entire area 

would lead to erroneous results. 

Due to the various assumptions and extrapolation of data the estimation of oil quantity is not a 

true representation. The restoration activity in the Ennore creek was carried out on war footing 

basis and the work was completed on 20.12.24 as declared by Tamil Nadu Government. 

The claims raised in the order challenging our findings were vague, lacking scientific 

basis and field assessment reports. Our field sampling was conducted at regular 

intervals, consistently detecting persistent oil contamination in soil and sediments, with 

concentrations significantly exceeding the CPCB limit of 5 g/kg. 

CPCL’s Reply: 

Oil typically floats on water due to its lower density, and when an oil spill occurs, the oil tends 

to remain on the water surface rather than getting settled to the channel bed. Oil fraction found 

in channel bed sediment samples could come from the settling of suspended sediment grain 

and bio-genic particles with the adsorbed oil compound and require longer period for settling.  

The TPH estimates from the ground based discrete sediment samples are highly biased. 

Extrapolation of such TPH values from discrete samples to arrive oil quantity for the entire area 

would lead to erroneous results. 

The persistent presence of TPH in the channel bed sediments is likely due to the continuous 

discharge of urban runoff, municipal waste, oil releases from fishing boats and 
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commercial/industrial discharges into the Buckingham Canal and Ennore creek. 

IITM has not followed any scientific method in the estimation of oil quantity. But, mapping of oil 

through the satellite imaging & spatial distribution analysis will give a more accurate result and 

CPCL has engaged two expert agencies to carry out the above said study. The reports will be 

submitted shortly.  

We emphasize that our report explicitly excludes the certain factors from the final 

estimate, such as the 393 tonnes of floating oily sludge removed by CPCL before our 

study, as well as TPH present in sediments and water, oil trapped in inaccessible islands, 

and contamination within CPCL premises. Since our assessment was conducted after 

cleanup activities were completed, our estimate is highly conservative and likely an 

underestimation of the actual spill. 

CPCL’s Reply: 

IITM report miserably failed to identify the source. 

 

IITM states that 393 MT of oily sludge removed by CPCL is from “The Hindu Bureau” and it 

clearly reveals the fact that in the absence of reliable data they have taken from the News 

journal without verifying the veracity of the data. 

 

In fact, the quantity of 395 MT is the oily water collected from the Ennore Creek area during 

the oil spill incident. The report has anonymously  consider this quantity as 100% oil and 

used it for validating their data. During the initial period, the oily water received from the 

Ennore creek area was having thin layer of oil at the top whereas the drums received after 

2-3 days had water only. While receiving TNPCB officials also witnessed & recorded the 

above. During the oil spill incident, CPCL collected the following materials containing oil in 

the stretch from Ennore Creek area under the supervision of TNPCB & state authorities 

CPCL treated this oily water & recovered the oil amounts to 2.29 MT only. 

 

The statement in the report on assessment of open tanks is reproduced below.  

“An assessment of the open tanks in M/s CPCL premises indicated that 417 tonnes of 

oil could have been stored before flooding which is much less than 912 tonnes of oil 

estimated. This mismatch suggests that the flood induced release from the open tanks 

may not have been the sole reason of the oil spill. Other possibilities could be breach of 
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oil from enclosed storage tanks of CPCL premises” 

 

The calculations made in the report are without knowing the facts and figures.  While 

preparing the report, without knowing the actual boundary of CPCL, they browsed thro’ 

google map and marked the open water reservoir/ tanks of neighbouring company as CPCL 

tank. The details of tanks accounted from the other units & CPCL is given below: 

 

Tank 
ID 

Location of 
the tank CPCL’s tank usage Reference 

0 CPCL ETP I surge pond (Not in 
use now) 

IIT Report, Page No: 35 

1 TPL  Not in CPCL 
2 CPCL ETP-4 API oil separator 

3 CPCL ETP-1 – Pit (Not in use) 
Above ground 

4 CPCL ETP I POND A (Storm pond 
storing water without any oil) 

5 CPCL Raw water reservoir (East of 
DCU) 

6 CPCL Refinery III Fire water pond 
(West) 

7 CPCL Refinery III Fire water pond 
(East) 

8 CPCL DM Plant effluent water 
storage 

9 CPCL REF III STORM POND 
10 TPL 

Not in CPCL 

11 TPL 
12 TPL 
13 TPL 
14 MPL-I 
15 IAL 
16 IAL 
17 IAL 
18 IAL 
19 TPL 
20 IAL 
21 IAL 
22 CPCL Coke Pit  
23 CPCL ETP-III Guard pond 

24 CPCL Pond E (Storm pond storing 
water without any oil) 
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25 CPCL ETP II Guard Pond (Treated 
water storage and not oil) 

26 CPCL Pit for storing sludge East 
27 CPCL ETP I aerator (Not in use) 
28 CPCL Pit for storing sludge North 

29 CPCL Pond C (Storm pond storing 
water without any oil) 

 

Figure 34 and Table 9 of the report identified 29 open tanks are inside CPCL through google 

earth. The report has taken open water reservoir of CPCL, & also the tanks of neighboring 

industries as open tanks of CPCL which itself is false.  

Tank ID No.: 1,10,11,12,13,14,15,16,17,18,19,20 & 21 totaling 13 tanks are not in CPCL 

premises. The report stated that 12 open tanks discharged Oil (417 tons) into the Stormwater 

canals. IIT has taken open water reservoir of neighbouring industry & also CPCL  Raw water 

reservoir, Fire water ponds, water plant water tank, building etc.as oily water storage tanks of 

CPCL which is not acceptable.   

Though the report has mentioned the open tanks present in neighbouring industry but missed 

out to investigate the oil escape from that industry. In similar way, it would have checked the 

open storage tanks of all other industries before drawing the conclusion. They miserably failed 

to study the source identification.   

Without applying basic concept, the report  has also reported oil estimation from these water 

reservoirs as 417 Tons, the report  has made a unacceptable statement of oil discharge from 

these tanks.   

Assumption of oil layer of 10 mm is not reasonable, in water storage tanks is unimaginable.  

In CPCL, no open tanks are used to store petroleum products. No industry would store 

petroleum products in open tanks as it is unsafe. Further, no open storage of petroleum products 

& Crude oil is not permitted as per Oil Industry Safety Directorate (OISD) & PESO. In addition 

to the above, open storage of petroleum products will lead to evaporation loss leading to VOC 

emissions as well and are not safe. 
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Thus, we are confident that the final estimated spill range of 517 to 2,569 tonnes 

represents only a fraction of the true magnitude. Our methodology is transparent, 

considering both conservative and worst-case scenarios. Our analysis remains grounded in 

scientific evidence, as detailed in this letter. 

A comprehensive environmental report including assessments of biodiversity and socio-

economic impacts is currently being prepared and will be submitted as part of Phase 2 of this 

project. 

CPCL’s Reply: 

Based on the above said reasons, oil estimation carried out by IIT is wrong & not acceptable.  
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3/20/25, 3:26 PM SAMPLING-UPSTREAM CPCL.xlsx - Google Earth

https://earth.google.com/web/@13.18660627,80.38241342,5.82195106a,21757.33985576d,35y,0h,0t,0r/data=CgRCAggBMikKJwolCiExak8tT2k5SmEtVjlyOVZwdmItLWZQLWx3WkdhaDVCU1EgAToDCgEwQgIIAEoI… 1/1

CPCL

L20 CPCL Upstream 
point
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3/20/25, 2:55 PM SEDIMENT SAMPLING POINTS - Google Earth

https://earth.google.com/web/@13.18359814,80.38207195,5.95370688a,22759.64902118d,30.00023653y,0h,0t,0r/data=CgRCAggBMikKJwolCiExVkEzemg5RkQxM3V1em1kN1BweklWWHgzeTZhdnhMU28gAToDC… 1/1

CPCL

L20 CPCL Upstream sampling point
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Annexure-A 

IIT REPORT DISCREPANCIES 

 

Discrepancy # 1: Oil quantity estimation based on wrong Value of Total 
Petroleum Hydrocarbon (TPH)  

IIT arrived the value of 517 Tons of oil spillage based on their analysed Total Petroleum 
Hydrocarbon (TPH) of water and sediments which is erroneous.   

a) TPH values of water 
TPH content in water of IITM is very high compared to TPH analysis of different 

government / reputed agencies like TNPCB, National Centre for Coastal Research 

(NCCR), National Institute of Oceanography (NIO) and The Energy and Resources 

Institute (TERI). 

Sl.No Name of the 
Agency Reference As reported Standardized to 

mg/lit 

1 TNPCB 
TNPCB has filed the TPH 
values in NGT on 27.02.24 (Pl 
refer Page No: 42 -43) (Ann-1) 

0.217-2.458 
mg/lit 0.217-2.458 

2 NIO 
 

TNPCB filed in NGT on NIO 
report on 09.09.24  
(Refer 80th page of the NGT 
filed document / Refer 28th  
page of the NIO report) (Ann-2) 

0.025-2.11 
mg/lit 

 
0.025-2.11 

3 NCCR  
NCCR report   
(15th  page of the NIO report) 
(Ann-3) 

27.77 – 1008 
µg/ lit 

 

0.0277-1.008 
 

4 TERI  

CPCL filed TERI report on 09. 
09.24.  
Please refer page No 9. (Ann-
4) 

0.2-3.9 mg/lit 
 0.2-3.9 

 

5 IITM 

TNPCB filed in NGT on IIT 
report on 09.09.24  
(Refer 30th page of the NGT 
filed document / Refer 24th  
page of the IIT report) (Ann-2)  
 

0.28 g/L – 
7.21 g/lit 280-7210 
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IIT values are more than 100 times compared to other government / reputed agencies.  

 

b) TPH values of sediments 

v Oil, being a lighter material than water, will float on water. Percolations down to the 

earth thro’ water by floating oil,  is not feasible and requires very longer period. 

v Even though oil in the water layer is 11.54 KL (IIT report page No: 29) reporting that 

487.12 KL (IIT report page No: 26) of oil in soil sediment in river is incorrect statement 

of IITM report. This is due improper analysis of TPH values. 

v Similar to water sample, sediment TPH values of IITM is also exorbitantly higher value 

compared to TPH analysis of different government / reputed agencies like National 

Centre for Coastal Research (NCCR), National Institute of Oceanography (NIO) and 

The Energy and Resources Institute (TERI). 

 

Sl.No Name of the 
Agency Reference As reported Standardized 

to mg/kg 

1 NIO 

TNPCB has filed the TPH 
values in NGT on 27.02.24  

(Refer 82th page of the NGT 
filed document / Refer 29th  

page of the NIO report) (Ann-
2) 
 

0.63– 1.83 
mg/g 630-1830 

2 NCCR  
NCCR report  
(Refer 16th  page of the report) 
(Ann-3) 

100 – 1000 
µg/gm 

 

100-1000 
 

3 TERI  

CPCL filed TERI report on 09. 
09.24.  
Please refer page No 35. (Ann-
4) 

5.84-47.34 
mg/Kg 

 
5.84-47.34 

 

4 IITM 

TNPCB filed in NGT on IIT 
report on 09.09.24  
(Refer 30th page of the NGT 
filed document / Refer 24th  
page of the IIT report) (Ann-2) 

 

13.6 -46.5 
g/Kg 13,600-46,550 

 

v The above tables clearly depict that sampling & sample analysis carried out by IITM is 

completely wrong and resulted in exorbitantly higher TPH values for water and 

sediments 
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v Calculation of oil spill quantity based on above erroneous TPH value has resulted in 

higher quantum of  oil presence in the sediments. 

 

Discrepancy # 2 :  

Quantity assessment from open tanks for 417 Tons which are not used for storage of 
petroleum product 

v As part of source identification, IITM reported that 30 No of open storages in CPCL. 

 

v IITM has browsed thro’ google map and marked 30 no of  the open water reservoir / 

tanks of CPCL & neighboring company’s reservoir as CPCL tank 

 
v Out of 30 no of open reservoirs / tanks, 13 tanks are not in belongs to CPCL. 

 
v IITM report stated that 12 open reservoirs / tanks would have discharged oil from 

CPCL to the tune of 417 MT 

 
v Out of the 12 open reservoirs / tanks, 2 tanks are not of CPCL and belong to 

neighboring industry. Balance 10 open reservoirs / tanks are used for storing Raw 

water reservoir, Fire water ponds, water plant tanks etc. Fire water is used for fighting 

the fire and oil cannot be stored in that. Refer photos.( Annexure-6)  

 
v IITM report also failed to inspect the source from other industries in Manali Industrial 

area. 
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